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Abstract 

Companies working with product development in general, and the 
manufacturing industry in particular, act on the global market. The complexity 
of collaboration in such an environment has triggered this thesis. A user-centred 
approach is perceived as a key concern for companies’ innovation practices, 
whereas engineering teams and higher education typically focus mainly on 
technical problem-solving. In relation to this context, knowledge management 
has been recognised in the literature and practice as being undoubtedly 
beneficial for organisations. Knowledge is a competitive advantage to most 
organisations today, but it requires more attention to make it actionable. 
Typically, factual knowledge has a transparent management approach, whereas 
experience sharing is highly prioritised but not straightforward to manage. 
Experiences need to be extracted from activities, reflected on, and then re-
contextualised if they are going to benefit another project. Indeed, the concept 
of knowledge-driven development incorporates experiences. It is difficult to 
manage experiences in technical projects, however, because both creation and 
use are embedded in daily work. 

The purpose for this research work is thus to investigate knowledge transfer 
in engineering teams to contribute to the improved capture and formalization of 
experiences. This thesis relies on empirical data gathered mainly from a 
manufacturing company working with transport systems and active in a 
business-to-business environment. The work evolved to focus on two types of 
projects between which experiences need to be shared. Also individuals’ 
personal orientation and roles in teams was examined in a student project 
setting. 

This thesis contributes to the description and analysis of experience sharing 
within and between teams in the given context and proposes an approach to 
support the reflection upon practice in knowledge projects. The importance of 
a continuous learning process is stressed, but so is also the capability of directed 
conversations. A demonstrator supporting such activities, called the experience 
compass, is developed and partly tested. In addition, the rationale of the 
demonstrator is presented. A set of question relates to the compass and those 
have been evaluated as a sound basis for experience sharing among company 
representatives. 

 
 

Keywords 

Knowledge transfer, knowledge sharing, experiences, experience sharing, 
collaboration, knowledge conversation, knowledge management, engineering 
design, personal orientation, goal-oriented, insight-oriented 
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1 Introduction 

This first chapter of the thesis presents the research background and areas of investigation. 
It covers collaboration and focuses on the issues of the transition of experiences between 
projects and the people involved. This section also provides the motivation for this research 
and aids in clarifying the delimitations and the applicability of the work. 

1.1 Background 
Typically, product development comprises knowledge-intensive activities that 
incorporate knowledge from sources within and outside an organisation 
(Blessing & Wallace, 1998). Davenport and Prusak (1998, p. 13) claimed that 
“knowledge may be a company’s greatest competitive advantage.” Thus, the 
appropriate implementation of knowledge management is possibly a competitive 
advantage (Choi & Lee, 2002). Product development processes rely on 
knowledge activities, and an increasing number of organisations claim to be of a 
knowledge-driven nature. Research highlights that, whereas 80% of 
organisational knowledge is stored in people’s heads and 16% is stored as 
unstructured data, only 4% is formalised as structured data (Bell, 2006), which 
has generated interest in another kind of support for attracting more attention 
than traditional management. As it is, traditional management seems to facilitate 
4% of the overall organisational knowledge base, which is stored in applications 
that support tables, records, fields, and so on. Thus, it becomes obvious that the 
major part of the knowledge base is not even formalised into an explicit form.  

Product development is today more complex and to a large extent carried 
out as projects—a temporary organisation with a defined time period and 
budget and a task to solve (Disterer, 2002). Projects, in turn, relate to the 
different phases of an internally defined development process. Yet in many 
projects, the process has to fit the context or characteristics of the project; 
therefore, adjustments are needed. Transferring knowledge from one project to 
another is crucial in the continuum of product development but also for 
ensuring that the body of knowledge is maintained and up-to-date in relation to 
the context (Bhatt, 2001). Furthermore, no company’s knowledge base is 
absolute; rather, it needs to be continuously maintained and kept up-to-date. 
Companies need to ‘capitalise’ on their knowledge assets despite the challenges. 
One challenge is the leveraging of organisational knowledge from outside 
formal sources. Statements such as Sieloff’s (1999, p.50)—“If only HP knew what 
HP knows”—stress that the knowledge assets are larger than what is actually 
known by the organisation. Larsson (2005) coined the idea of ‘knowing who 
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knows’ to describe that knowledge is not easily traced in organisations.  
Engineering teams that run product development projects face challenges of 

increased complexity of products, new markets, time-to-market demands, and 
limited budgets while still needing to meet stakeholders’ expectations (Ulrich & 
Eppinger, 2012). Therefore, product development requires a set of 
competences, many of which are not recognisable at first sight despite the fact 
that they are crucial in activities executed to develop a product. Challenges 
related to cultural aspects as well as collaborations over distances and in different 
time zones are other examples. Local and contextual experiences become a 
challenge in a socially distributed and cross-functional team, which influences 
the product life-cycle perspective and the way teams collaborate. Furthermore, 
new customer requirements and demands from the market related to what is to 
be developed challenge the organisations. One such example of this challenge is 
service infusion in the manufacturing industry (e.g., Tukker & Tischner, 2006). 
Manufacturing companies thus have to adjust to the on-going movement from 
a company selling products to one providing solutions that include the 
manufacturer’s life-cycle responsibility. In fact, the structure and organisation 
supporting engineering teams have to adapt to the new demands coming from 
external sources. Consequently, the earlier view on product development was 
modest in relation to the global and dynamic processes to which organisations 
nowadays need to adapt. 

1.2 Research motivation and research questions 
The motivation for the studies presented in this thesis stems from challenges 
related to an engineering context where the transfer of knowledge between 
projects is important. Current methods and approaches do not fully support 
knowledge management (Ackerman, Pipek, & Wulf, 2003). 

Supplementary efforts, if developed, may contribute to a sound situation 
where knowledge in its broadest form will be an asset for early product 
development. The purpose for this research work is thus to investigate 
knowledge transfer in engineering teams. Three research questions have been 
settled to achieve this goal. The first question covers a broader perspective from 
which a basic understanding of the phenomena could be gained: 

 
RQ1: What is knowledge transfer? 
 
To answer this question, I have to sort out the concept of knowledge in 

various forms.  
 
The second question concerns individuals’ tendencies and examines 

whether—and, if so, how—personal orientation influences knowledge transfer 
procedures. Thus, it was expressed as: 

 
RQ2: What impact do individuals’ tendencies have on knowledge transfer procedures? 
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To be able to answer this question, I have to find out what individual 
tendencies consist of and what procedures they relate to.  

 
The third question seeks to improve knowledge transfer; thus, the question is 

formulated as: 
 
RQ3: How can knowledge transfer procedures be improved? 
 
The third question guides the overall research idea, links the areas of 

investigation together, and contributes to implications to practice. 

1.3 Delimitations 
The main part of the studies included in this thesis was conducted in a 
manufacturing company, but also an experiment with engineering students has 
been performed. This means that the possibility to generalise from the studies is 
delimited. The thesis is based on exploratory studies of knowledge activities 
undertaken in early product development projects, whereas other perspectives 
of product development processes are out of focus. 

The thesis embarks from engineering design and knowledge management 
literature, in which global organisations, global markets and new complex 
collaborations are seen as challenging to what can be considered as traditional 
approaches. This thesis provides an additional perspective on knowledge 
management, but provides limited suggestions for how to improve established 
approaches. In particular, the area of decision-making has not been examined in 
the thesis. The focus has rather been on daily work in early product 
development process, where decision-making is one of the many activities 
required. Similarly, product development is not discussed as a process on its 
own, but rather as a channel to orchestrate collaboration between individuals 
and projects.  

1.4 Structure of the thesis 
The thesis is written as a compilation thesis, meaning that it comprises a 
summarising section as well as six chapters that integrate different parts and 
clarify the doctoral student’s work. Appended are academic articles that relate to 
the compilation thesis. This introductory section has presented the research 
background and frames the thesis. The research motivation, research questions, 
and delimitations are clarified to contribute to the understanding of the overall 
purpose of this thesis work. 

Chapter Two presents the research approach and the way the research was 
conducted, including methods that have been used for data collection and 
analysis in relation to the research environment and praxis. 

Chapter Three introduces literature and formulates the theoretical framework 
from which the thesis work will be discussed. This chapter will also give an 
overview of the areas of concerns and explain theoretical constructs that are 
central to clarification in order to position the thesis in relation to knowledge 
domains. 
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Chapter Four highlights the appended papers, summarises the content of the 
papers and their relation to the thesis, and stresses the authors’ contribution and 
work division in each paper. 

Chapter Five is dedicated to the results of the research. The main body of 
results from the descriptive and explorative approach used in this thesis work are 
discussed. The chapter further includes suggestions for possible ways to facilitate 
and support the areas and situations of concern that have been examined in this 
research. 

Chapter Six concludes the main contribution of this thesis, revisiting the 
research motivation and questions to elucidate how the results respond to these 
points. Finally, the chapter addresses topics that are worth investigating in future 
research. 
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2 Research approach 

This chapter contains a description of the research approach and methods used, presenting 
the research environment and context as well a description of how data were gathered and 
analysed. 

2.1 Research environment 
My research is based on empirical data from a global manufacturing company 
that is active in the field of engineering design and develops construction 
equipment. The focus of the studies is knowledge conversations and ways to 
manage and transfer experiences within and between project teams and 
individuals. In addition, an experiment with engineering design students was 
examined to investigate the ways in which personal orientation influences an 
open-ended design situation. 

Acknowledgement from the industry and the partner company in particular 
made it easier for me to access real cases. As a researcher, I thus had access to 
projects and their team members in order to collect data about actual problems 
being addressed in the industry. Stakeholders—other than the partner 
company—also attended project meetings and contributed to the project 
documentation from which empirical data were gathered. 

My research addresses the matter of transferring knowledge, as I initially 
stated. Specifically, I examined two project types. One deals with technology 
investigation and conceptualisation activities—in other words, research and 
development (R&D), which is what I call a knowledge project. The other project 
type deals with industrialisation and exploitation, which is what I call an 
execution project. Transferring knowledge and experiences from the knowledge 
project to the execution project is crucial, as is transferring knowledge in the 
opposite direction. In particular, I have followed the knowledge project in my 
studies. 

This research addresses knowledge transfer in relation to potential challenges, 
such as managing experiences in technical projects. Both the creation and use of 
experiences are embedded in daily work, so experiences need to be extracted 
from activities, reflected upon, and then recontextualised if they are to benefit 
other projects. 

2.2 Research strategy 
When theory and practice in a research domain are limited, exploratory 
qualitative research is recommended (Edmondson & McManus, 2007; 
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Eisenhardt, 1989). An exploratory qualitative research approach has been 
applied in existing studies, thereby providing a rich base for understanding real-
life situations (Miles & Huberman, 1994). Understanding the relationship 
between theory and practice can sometimes be difficult for researchers in 
engineering, business, social work, and other fields (Van De Ven & Johnson, 
2006). Typically, the gap between theory and practice is framed as a knowledge 
transfer problem (Van De Ven & Johnson, 2006). The assumption is that 
knowledge from practitioners (i.e., knowledge about how to do things) derives 
at least partly from research knowledge (i.e., knowledge from science). A 
second view is that knowledge from theory and knowledge from practice are 
two different kinds of knowledge. 

In this thesis, I use an approach in which the researcher can test and present 
ideas to practitioners to receive feedback and share insights about the 
phenomenon investigated. A complex social problem is one in which the 
researcher respects the practitioners’ efforts in their domains without intervening 
in the situation and the practitioners listen to what researchers are doing in their 
role. 

This approach links well with the engaged scholarship proposed in literature 
(Van De Ven & Johnson, 2006). This is an arbitrage concept referring to the 
exploited differences in the types of knowledge by which practitioners and 
researchers contribute to the body of knowledge by potentially understanding 
and examining a complex problem. Viewed from one perspective, industrial 
organisations compose a data-collection site and a funding source; on the other 
hand, engaged scholarship argues that companies and organisations should be 
seen as a learning workspace (Van De Ven & Johnson, 2006). The concept of 
arbitrage can also work as a review of the collaboration (Van De Ven & 
Johnson, 2006) whereby researchers and the company’s review panel or 
advisory board discuss common interests; this aligns with my close collaboration 
with the industrial representatives. 

Despite extant engaged scholarship and studies of real-word problems in 
research, collaborations with companies have raised concerns related to scientific 
rigour (McKelvey, 2006). The criticism derives from the perspective that, when 
conducting research in collaboration with companies, it is challenging to 
determine whether one has contributed to the project goal or research. This 
might be true if the objectives are unclear and the researcher has less experience 
working in a collaborative environment or in cases when open access to the 
problems is restricted due to concerns about intellectual property rights. 

Critics have claimed that engaged scholarship sounds appealing, but is 
challenging in reality (McKelvey, 2006). The criticism asserts that academic 
work that interprets practitioners lack scientific novelty, as companies do not 
disclose organisational secrets to researchers (McKelvey, 2006) given that such 
work can be presented as findings to the research community, thereby making 
the information freely accessible to the companies’ competitors. Nevertheless, 
during my studies in collaboration with the company, they provided a user 
account that allows open-access to internal systems; the company representatives 
also invited me to project meetings, and during site visits it was possible to 
conduct observations and interviews with different groups of company 



 Johan Holmqvist, Conversation in Engineering Teams 
 

 7 

representatives. Such access enriched the empirical data and made it possible to 
disregard the argument that companies never disclose organisational secrets to 
researchers. Furthermore, my response to the discussion on scientific novelty, 
the subsequent analysis of empirical data offers a contribution to the body of 
knowledge. Engaged scholarship literature (Boyer, 1990; Van De Ven & 
Johnson, 2006), in turn, states that there is no such thing as a straight arrow 
leading from theory to practice; rather, the arrow should be seen as pointing in 
two directions—that is, practice also contributes to the body of knowledge. 

2.3 Data collection 
Empirical data have been gathered using several parallel methods throughout the 
entire period of my PhD studies. The empirical basis for data collection was the 
knowledge transfer within and between two project types: knowledge projects 
(advanced engineering projects) and execution projects (new product 
development projects). The collected data were qualitative in nature due to the 
research approach and motivation. 

2.3.1 Interviews and observations 
Initially, data were gathered in interviews with company representatives and 
observations of them in daily work. The studies initially adopted an open 
approach because it was not clear from the beginning what to expect or what 
would be found in the interviews. Open-ended questions were predefined 
based on the research focus. The topics addressed during the research—namely, 
innovation, collaboration, and knowledge—emerged at an early stage and have 
guided the work throughout the studies. Over time, the keywords related more 
to experience sharing and knowledge conversations (i.e., stemming from early 
results). 

The data collection provided breadth given the qualitative nature of the study 
(Fontana & Frey, 2000). The respondents were free to formulate their answers 
in the interviews, and an interview guide was used to add structure to the 
discussions. The open approach made it possible to pose follow-up questions 
based on an initial interpretation of respondents’ answers. In short, semi-
structured interviews (Fontana & Frey, 2000) were employed. 

Interviews were carried out in person during site visits, but also distributed 
via conferencing systems and via telephone. Seventeen interviews were 
conducted from May 2010 to August 2013. The duration of the interviews 
varied, but most lasted 45–60 minutes. Respondents were primarily engineers 
and project managers from the two previously described project types, but 
experts and other stakeholders also contributed. Moreover, longer visits have 
been made at the company, three weeks at two occasions and one week at 
another site. In addition, shorter company visits were planned ahead of the visits 
to conduct activities; most of these were at the main site for research and 
development, although two more sites were visited during my studies. During 
these stays I had numerous opportunities to take part in daily discussions as well 
as observe daily work. 

During the scheduled interviews, I took field notes so as to remember 
important remarks and interesting quotes or discussions as well as formulate an 
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initial interpretation and help pose follow-up questions. Interviews were also 
audio recorded and transcribed, and the software NVivo (QSR International, 
2014) was used for text analysis on both interview transcriptions and internal 
documents. 

Work meetings were attended from a distance—that is, listening to meetings 
via conferencing systems or phone. Such observations most frequently took 
place during the first two years of research; later, the focus shifted to site visits 
and participatory observations, where employees were followed in their daily 
work. The main target group within the projects was different kinds of 
engineers; experts and managers were also observed. Such means of gathering 
data aid in the understanding of the social dimensions of collaborative work as 
they complement other sources of data (Angrosino & Mays de Pérez, 2000) and 
can be categorised as participant/participatory observation (see Angrosino & 
Mays de Pérez, 2000; Mason, 2002). 

During the interviews, the informants shared their individual interpretations 
of specific situations while the observations made it clear that the interpretations 
did not always match the informants’ actions. Therefore, the observations added 
other dimensions and helped develop a holistic perspective of a situation. 

Furthermore, when engaged in the participatory observation, the role of the 
observer has to be considered. On one hand, this research approach provides 
insights into interpersonal behaviours and real-life practices; on the other hand, 
a researcher may bias the situation simply by being present. The risk is that the 
observer might influence the events while participating (Mason, 2002; Yin, 
2009) or that the informants might think that they are expected to act in a 
certain way. 

Therefore, it is essential for a researcher to build trust and confidence with 
the informants and not abuse the trust by reneging on commitments or creating 
explanations that might damage informants’ subject interests. Researchers should 
also explore their rights and responsibilities in the relationship with the 
informants ahead of the occasion; it is sometimes a negotiation that involves 
respect, mutual disclosure and obligations from both sides. Field notes and voice 
recordings can be used to document events. In addition, an observation might 
be followed up with an interview in order to clarify interesting or unexpected 
behaviours, as was also done in the studies included in this thesis. 

2.3.2 Informal communication 
During site visits, much time was spent in informal, face-to-face discussions 
with employees; this approach played an important role partly because a relaxed 
approach to communicating in terms of high-quality informal interactions 
allows the researcher to develop a common interest on the topic (Kraut, Egido, 
& Galegher, 1988). This approach was used both with colleagues and among 
the informants at the company. High-quality communication is built on two-
way interaction and typically involves a common focus or interest, which leads 
to a productive relationship (Kraut et al., 1988). A smaller number of key 
individuals from the industry contributed via in-depth and informal dialogues, 
making it possible to discuss findings, test ideas and perform a ‘sanity check’. 
Many ideas for academic manuscripts grew from these informal discussions. 
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2.3.3 Internal documents 
An important part of the collected data came from written company documents. 
The company provided a computer and access to project portals, internal 
information systems, relevant projects, and the like, providing a rich text-based 
field of data to analyse. The first two years, weekly check-ins was conducted on 
project portals and other systems for knowledge sharing and project 
management. Later internal reports were searched to complement other sources 
of data. The reports—called white books—constituted carriers of experiences; 
25 such reports (7–12 pages each) formed part of the data set. Employees, 
primarily those persons engaged in knowledge projects, had authored these 
reports. Employees in execution projects were the intended audience for white 
books because they were those going to make use of it. 

2.3.4 Workshops 
The company representatives participated in several workshops related to the 
studies, which differed in execution and purpose but were similar in terms of 
time and attendance. On average, they lasted for 2–3 hours, involved 5–10 
persons, and took place at one of three company sites (in Sweden, the USA or 
South Korea). The workshops mainly involved a specified task or activity, 
followed by reflections on the situation. These workshops were a valuable data 
source—the focussed discussions among participants during the sessions were 
particularly helpful. The workshop approach made it possible to present 
findings, test ideas, and ask the participants to elaborate in a visionary-to-be 
situation. Field notes and voice recordings were used to collect data during the 
workshops, thereby supplementing the created material: jottings on sticky notes 
and larger paper as well as drawings and sketches on whiteboards or paper. 

In addition, an experiment with students was conducted in a workshop 
mode. The students were assigned to solve an open-ended design problem as 
the researcher examined the types of communication that took place, in terms 
of both verbal and in gestures, as well as the materials the students developed 
(e.g., sketches and rough prototypes). This workshop was also recorded, but as a 
video clip for later analysis. 

2.3.5 Literature study 
The literature study started early on in the studies with a search of articles 
related to the initial research topics. The keywords that guided the search 
included knowledge management, knowledge sharing, knowledge transfer, knowledge 
conversation, experience sharing, product development, expertise, experiences, tacit 
knowledge, and explicit knowledge. A combination of keywords and topics as well 
as their synonyms was also used. One literature review effort took the form of a 
wiki-page, to which other researchers in my subject area and I contributed. 
Each of us could add a review of an article and comment on others’ reviews; 
this approach helped find new articles for further study. The identified 
keywords were used to run searches in multiple academic databases (e.g., Web 
of Science, Scopus, Google Scholar) as well as in identified journals of interest. 
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2.4 Data analysis 
The empirical data collected during interviews, observations, and workshops 
were recorded, sometimes using audio or video recordings, and were 
complemented by field notes and documentation. 

The analysis of empirical data is vital when building an understanding from 
qualitative research, although it is challenging because qualitative studies 
generate a great amount of data (Miles & Huberman, 1994). Interviews were 
transcribed using specific software, yet as previously explained the analysis had 
already started during the interviews when interpreting informants’ responses 
and determining appropriate follow-up questions (Fontana & Frey, 2000). 
Software for text analysis (NVivo; QSR International, 2014) was used to analyse 
the written material further. That software provided the possibility of running 
word-frequency queries to create word clouds and establish coding schemes and 
topics for analysis. Consequently, it was possible to compare answers from the 
semi-structured interviews with reports signed by the manager or engineer who 
had been interviewed. This was especially valuable when trying to understand 
how people communicated experiences both textually and orally. Sixteen 
categories were created in the software, and part of the analysis and search 
queries was performed automatically, such as counting the number of times a 
word or phrase appeared in the data set. Categorising sections in text documents 
and quotes from interviews was done manually, creating 624 reference points. 
These reference points were, for instance, definitions of keywords and related to 
topics in the internal documents included in this analysis. During participatory 
observations, field notes created an overlap between the data collection and 
analysis. This approach helped analyse how the keywords and problem 
definition evolved, thereby allowing for the observation of how the topic 
changed over time and the reflection on how to proceed to the next step in the 
study. 

The experiment with the students was first videotaped and analysed in a non-
cross-sectional manner (Mason, 2002), meaning that researchers did not pre-
define a coding scheme; instead, particular behaviours were noted while 
watching. This was initially done individually, and then the notes were 
compared and discussed. Sections that were found to be relevant for the 
purposes of the study were further analysed in a collaborative effort. Excerpts 
that could support the findings were highlighted, and a third round of analysis 
was performed to categorise differences among the student groups involved in 
the experiment. 

2.5 Research quality 
Traditionally, internal and external validity have been stressed as evaluation 
criteria for research efforts (Janesick, 2000), although meeting the conventional 
scientific requirements is another challenge of qualitative research (cf., Mason, 
2002; Van De Ven & Johnson, 2006). The core rationale of qualitative research 
is that there are several ways of interpreting an event and that there is no single 
‘correct’ interpretation, only plausible ones. I have, to the best of my ability, 
provided information for the studies and alternative interpretations. 
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The quality and impact of qualitative research improve when the researcher 
(Van De Ven & Johnson, 2006) confronts questions and differences in real life, 
organises research projects in a learning community with both researchers and 
practitioners, examines not only alternative theory and models but also the 
practical formulation of questions and areas of interest, and, finally, frames the 
research and its findings so as to contribute to the body of knowledge. For 
instance, I performed an initial test of a demonstrator for experience sharing in 
order to gain feedback on the relevance of my findings—a matter addressed by 
Miles and Huberman (1994) as a question of true value. Such questions seek 
answers as to whether the findings make sense and to whom. 

As best I could, I have provided transparency in information about the 
selection of methods, the process of collecting data, and the way empirical data 
are analysed and used in papers. This has been done to enhance the reliability of 
the work (Mason, 2002). One often-disputed concern in qualitative research is 
generalisation (Janesick, 2000; Mason, 2002); one reason for this is that we are 
all individuals, and therefore, bias is always an issue when there is a chance that 
a researcher might influence the informants. Moreover, a phenomenon might 
change over time. As a researcher, I have examined and drawn my conclusions 
based on the analysis of one defined data set, and generic conclusions are 
limited; however, the research questions are universal in character. Thus, the 
results are expected to be applicable to other industrial contexts. I do not claim 
that this is an empirical generalisation; nevertheless, I have no reason as far as I 
understand, to presume that my data sample and analysis are atypical. 
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3 Theoretical background 

This chapter presents the theoretical areas relevant to this thesis. It first outlines a 
description of knowledge components in development processes—in particular, processes 
related to product development, which serves as a basis for this research. The different 
forms of knowledge are then covered and presented in relation to other terms. Knowledge 
transfer, knowledge sharing, and knowledge conversation are introduced, along with 
various knowledge management approaches and models for knowledge creation. 

3.1 Among other things, they call it knowledge 
Knowledge is an important part of development work, and the development 
process is often described in research literature as a set of activities that need to 
be executed to realise a product (Ulrich & Eppinger, 2012). A design process is 
typically described as a systematic approach—including tasks, activities, and 
goals—that in turn can be broken down into sublevels and as a whole 
contribute to finding solutions and developing products (Pahl & Beitz, 1996). 
Consequently, development work requires a set of competencies that to some 
extent are immaterial and thus not immediately apparent. All tangible products, 
assets, and their intangible interrelationships are the results of peoples’ actions 
and are primarily dependent on humans’ knowing and their actions in a given 
context (Sveiby, 2001). 

The phrase “knowledge in use” (Turban & Aronson, 2000) is a hands-on 
expression of knowledge, similar to how information is described as “a flow of 
messages” (Frické, 2009). Respectively, the phrases indicate that an actor is 
involved. Knowledge in use indicates that someone has the capability to use the 
knowledge in a certain context, and the flow of messages indicates that someone 
has to send them and someone has to receive them. 

From an information perspective, Smith and Reinertsen (1998, p. 167) 
described product development as “a process of gradually building up a body of 
information until it eventually provides a complete formula for manufacturing a new 
product.” Moreover, product development activities are often described as 
information and knowledge intensive (Thomke & Fujimoto, 2000); the 
management of this information and the knowledge assets supports companies 
and organisations in enhancing product development performance. 

The literature has reported the relationship among knowledge, information, 
and data (e.g., Alavi & Leidner, 2001; Davenport & Prusak, 1998), 
conceptualising these in hierarchical levels. Some researchers distinguish the 
concepts by using the metaphor of a pyramid, although the data–information–
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knowledge–wisdom (DIKW) pyramid (see, for example, Hey, 2004) has 
attracted massive critique (cf. Frické, 2009) directed primarily towards the idea 
of wisdom as the optional level. The sequence between levels in the pyramid is 
that each level depends on the one below it; thus, to create information, data 
are needed, and information is required to create knowledge. Briefly, one can 
say that data are raw facts, symbols, figures, letters, numbers, or similar items, in 
no particular order. A data set has no built-in understanding and provides no 
relation to how to use it. Therefore, data have no value until transformed into a 
relevant form (Frické, 2009). Information is understood as something relevant 
or useful, and it has a significant meaning for those who will use it. 
Furthermore, information is created by processing and interpreting data. A 
coding key is needed for such an operation. Information can be transformed 
into knowledge via contextualisation (Davenport & Prusak, 1998). Knowledge 
is dependent on its context and can be interpreted differently depending on that 
context. Consequently, what is knowledge for one person could be information 
for another whereas, in other cases, it might remain as mere data. 

Knowledge is created in various contexts and cannot be fully understood in 
isolation from its context or an appropriate context (Goldkuhl & Braf, 2001). 
Literature also reports on knowledge as a combination of information, 
experience, a context, insights and reflections (Alavi & Leidner, 2001; 
Davenport & Prusak, 1998). Knowledge can take the form of beliefs, awareness, 
and commitments and could be understood in a context in which experience 
has been gained through recognition and learning. Knowledge can be viewed as 
information processed by peoples for individuals, groups, or organisations 
(Wang & Noe, 2010). This perspective contrasts with the view of Nonaka 
(1991), who stressed that knowledge is not only processed information but also 
depends on a tacit dimension. Knowledge is, from this point of view, divided 
into explicit and tacit knowledge. Yet these two separate entities should be seen 
as complementary (e.g., Nonaka, 1991; Nonaka, Toyama, & Konno, 2000; 
Holste & Fields, 2010). The complementary aspects between explicit 
knowledge and the tacit dimension have been identified by Polanyi (1966a, p. 
7), who stated, “all knowledge is either tacit or rooted in tacit knowledge. A wholly 
explicit knowledge is unthinkable.” 

Explicit knowledge can be articulated and captured in documents, such as 
through drawings and text; explicit knowledge is also codified and can be 
expressed in formal and systematic language (Nonaka, 1994; Nonaka & Krogh, 
2009). Examples of information that have been converted into explicit 
knowledge are work proceedings, specifications, training materials, and 
technical reports; such materials are often fact based (Wang & Noe, 2010). 
Explicit knowledge is often considered academic in nature (Holste & Fields, 
2010; Nonaka et al., 2000; E. Smith, 2001). Explicit knowledge often relates to 
“know-what”, and a common approach to transferring or sharing it is person-to-
document based (Hansen, Nohria & Tierney, 1999). Explicit knowledge, unlike 
tacit knowledge, is relatively easy to share with others once it has been codified. 
The risk of reducing organisational assets related to explicit knowledge is lower 
than the risk related to the tacit dimension (Jasimuddin, Klein & Connell, 
2005). Nevertheless, tacit knowledge forms the structure, a necessity for 
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interpreting and making use of explicit knowledge. This is referred to as “prior 
knowledge,” “pre-existing knowledge,” or “pre-knowledge.” In practical terms, 
people use tacit knowledge as a coding key for building new knowledge as they 
perform new activities and in the reflective processes of problem solving 
(Schön, 1983), yet it is difficult to formalise (Polanyi, 1966b). 

Meanwhile, tacit knowledge is often mentioned as practical, action-oriented 
knowledge related to routines, insights, and rules of thumb, and it can be shared 
through face-to-face interactions (Hansen et al., 1999). Nonaka (1991) divided 
tacit knowledge into two components: cognitive and technical. Cognitive 
covers beliefs, ideals, values, and mental models whereas technical contains 
personal crafts and skills—what Nonaka called “know-how.” The difficulty of 
articulating know-how has been highlighted. In one case, an expert tried to 
express the know-how gained from previously performed activities, but ended 
by saying, “You just feel it” (Wood, Rust, & Horne, 2009, p. 68). Regardless of 
how well such an excerpt contributes to the knowledge base, the tacit 
dimension of knowledge is considered a key factor in leveraging the meaning of 
knowledge. Furthermore, tacit knowledge tends to be known as informal 
knowledge and could be seen as a highly personal knowing (e.g., Jasimuddin et 
al., 2005; Quinn, Anderson, & Finkelstein, 1996; E. Smith, 2001). 

Explicit knowledge is only a small part of the knowledge base because “we 
can know more than we can tell” (Polanyi, 1966b, p. 4). People usually express 
knowledge in terms of “knowing” or “doing.” Knowledge as an activity can be 
described as “a process of knowing” (Polanyi, 1961). The importance of learning is 
emphasised from this perspective, because learning is a process in which 
experiences are applied to build new knowledge (Fong, 2008). Learning is 
further along the path on which improvements take place (Kotnour, 1999). 
From some perspectives, the thinking and reflecting activities are described as 
“an engine” that drives knowledge creation (Kakabadse, Kouzmin, & Kakabadse, 
2001). 

Experiences arise in situations, contexts, and tasks in which interactions take 
place between individuals or groups. From an engineering design perspective, 
such a process involves some kind of product (Yoo, 2008). Experiences are here 
described as “an outcome of an action taken by an individual with an intention toward 
an object(s)” (Yoo, 2008, p. 129). Others define experience as “valuable, stored, 
specific knowledge that was acquired by an agent in a previous problem solving situation” 
(Bergmann, 2002, p. 28). An experience can also be described as arising from an 
interaction and collaboration between individuals (Puusa & Eerikäinen, 2008). 

3.1.1 Knowledge creation 
The process of knowledge creation is visualised as the interaction between tacit 
and explicit knowledge in the SECI-model proposed by Nonaka et al. (2000). 
The model visualises four modes of knowledge conversions: socialisation, 
externalisation, combination, and internalisation (see Figure 1). 
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Figure 1. The SECI model (adopted from Nonaka et al., 2000) 

 
The stages are described as follows Nonaka et al. (2000, p. 9): 

• Socialisation is a process of sharing tacit knowledge between 
individuals. It involves the conversion of shared experiences, from 
which new tacit knowledge can be created via shared mental models. 
Knowledge from this stage is not represented in written documents or 
elsewhere. 

• Externalisation serves as a means of articulating tacit knowledge to 
others by codifying knowledge in a form that can be explicitly 
understood—for instance, using metaphors or other concepts to 
explain experiences from daily work that can be put into a particular 
context and communicated through, for example, reports. 

• Combination represents the mode of converting explicit knowledge 
from inside and outside the organisation into a complex and systematic 
set of new explicit knowledge. This knowledge is then disseminated 
among members of the organisation and communicated on a large 
scale, facilitated by computer-based support. 

• Internalisation shows the process of embodying explicit knowledge 
from the organisation so that it will be converted into tacit 
knowledge. This mode includes learning by doing and reflecting upon 
practice, which creates tacit knowledge for the individuals. 

 
The interaction between the modes does not occur only once; rather, it 

should be looked upon as a continuous process. Further, Nonaka et al. (2000) 
stressed the importance of viewing knowledge conversion as a spiral, not a 
circle, because knowledge creation is not a closed loop, but triggers new 
situations of interaction in which new knowledge is created. 



 Johan Holmqvist, Conversation in Engineering Teams 
 

 17 

3.1.2 Loops of learning 
Criticisms of organisational learning have been levelled by knowledge 
management researchers (Nonaka & Takeuchi, 1995), who argue that theories 
of organisational learning (e.g., Senge, 1990) do not provide any thoughts about 
how knowledge is created. Thus, organisational theories seemingly lack the 
view of learning incorporated in knowledge management. Gray and Meister 
(2003, p. 263) stated that organisational learning and knowledge management 
“have far more in common than most are willing to admit.” People acquire 
knowledge and change the ways they think and act through learning; first and 
foremost, learning is about creating knowledge to enhance the knowledgeability 
of the individuals who perform (Braf, 2004). Learning takes place at the step in 
the process where knowledge is created, and individuals’ current knowledge 
influences their capacity for future learning (Braf, 2004). 

Learning preferences can be described in two categories (Pintrich, Marx, & 
Boyle, 1993): one that focuses on understanding a task or situation more in-
depth (e.g., become more knowledgeable about a situation), labelled as mastery 
orientation (herein referred to as insight-oriented), and a second orientation 
called performance, which gravitates towards exploiting existing knowledge and 
is hence referred to as goal-oriented (Pintrich et al., 1993). These two 
orientations could also be seen as having similarities with the concept addressed 
as problem-setting and problem-solving (Schön, 1983). 

Single-loop learning assumes that a problem and its solution are close to each 
other in time and space. Changes in understanding related to strategies or 
prerequisites for practice are incorporated into single-loop learning whereas the 
basic values of practice and the framework of norms remain unchanged (Argyris 
& Schön, 1978). Single-loop learning is based on explicit knowledge and 
unfolds from the informal product development team into formal organisational 
structures (Leifer & Steinert, 2011), in turn resulting in minor changes. Argyris 
and Schön (1978) used the example of adjusting a thermostat as the temperature 
becomes too cold or too warm to exemplify that small changes can be 
implemented without challenging the underlying assumptions or questioning 
the procedures or rules. Simply stated, single-loop learning signals the following: 
Here’s what to do: procedures or rules. Are we doing things right? Following the rules. 

Although single-loop learning might solve some problems, the resolution of 
others requires double-loop learning (Braf, 2004). Double-loop learning involves 
questioning the role of framing and learning systems (M. K. Smith, 2001). It 
focuses on new mental models, values, or perspectives (Braf, 2004) as a means of 
eliminating the existing ones. Double-loop learning happens within the 
informal spaces of development teams and embraces the content of the informal 
process (Leifer & Steinert, 2011). It takes place when an error is detected and 
accordingly corrected; the procedure involves changing underlying norms, 
policies, and objectives in an organisation (Argyris & Schön, 1978). Double-
loop learning signals include: Here’s why this works: insights and patterns. Are we 
doing the right things? Changing the rules.  

Finally, triple-loop learning concerns principles and tacit knowledge rooted in 
the team’s experiences and in established practices (Leifer & Steinert, 2011). 
Team members learn from other teams’ previous experiences and from 
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members of their own team, which can be described as “learning how to learn” by 
reflecting on and improving informal practices. This leads to an understanding 
of the ways that previous actions contribute to the current problems. Triple-
loop learning signals include: Here’s why we want to be doing this; principles. How 
do we decide what is right? Learning about learning. 

3.1.3 Knowledge life-cycle 
Utilising knowledge means that people should be able to retrieve it and to adapt 
it in new contexts. There are also situations in which new knowledge is 
retrieved and created, but not useful, such as if the contextual understanding is 
missing among people or if technology has advanced ahead of what could be 
implemented on the market. Thus, “the dynamic nature of knowledge is determined 
by the generation of new knowledge as a result of knowledge use, that is a continual 
learning process” (Blessing & Wallace, 1998, p. 27).  

A knowledge life-cycle perspective is proposed based on studies in design 
projects (e.g., Blessing & Wallace, 1998; Nuzzo & Lockwood, 2005; Rowley, 
2001), because supporting knowledge in use seems not enough. Knowledge 
thus needs to be supported in all phases, which are depicted in Figure 2 (Nuzzo 
& Lockwood, 2005): identify, capture, store, access, share, use, learn, and 
generate/acquire. 

 

 

Figure 2. A knowledge life-cycle (source Nuzzo & Lockwood, 2005) 

 
The different phases are described as follows (Nuzzo & Lockwood, 2005, p. 

34): 
• Identify: The activity of identifying knowledge and making knowledge 

assets and sources visible to the organisation. 
• Capture: Focus on the process of documenting and codifying in order 

to make knowledge explicit and formalise it. 
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• Store: Includes the activities of organising and managing codified 
knowledge in order to link knowledge elements to other elements in a 
knowledge structure. Tacit knowledge is also organised; however, it is 
highly contextual, and the link between different contexts may be 
difficult to obtain. 

• Access: The activity of finding and gaining access to specific knowledge 
through a wide range of sources (e.g., colleagues, computers). New 
knowledge is mapped with existing knowledge to increase confidence 
and contribute to new experiences. In these situations, people search 
for references in explicit knowledge or via experts. 

• Share: The act of making knowledge available to others, an activity 
that is initiated by individuals, but should be seen as a collaborative 
action that contributes to individual learning and conversations. It may 
also lead to organisational learning (Ipe, 2003). 

• Use: Knowledge can be retrieved from organisational memory and 
reused in other contexts whenever needed. Therefore, packaging is 
key, as is associating knowledge with a context. Knowledge in use 
involves collaborative actions, such as making decisions. 

• Learn: An organisational as well as an individual process to reflect upon 
performed actions and the use of knowledge and to build up the 
knowledge base through continuous feedback loops. 

• Generate/Acquire: Includes the loop of creating and refining knowledge 
in order to develop, update, and improve so as to benefit the entire 
organisation. Moreover, obtaining or acquiring knowledge from 
various sources, whether by accident or by design, becomes part of 
this life-cycle phase. This happens partly through collaboration and 
conversations with experts and in knowledge sharing events. 

3.2 Knowledge management 
The tradition of knowledge management in the Western world is criticised for 
instead being information management (Nonaka et al., 2000). Nevertheless, 
knowledge management involves the action undertaken to enhance and ensure 
a company’s knowledge base (Braf, 2000). According to Davenport and Prusak 
(1998), knowledge management relates to the process of capturing, 
understanding, sharing, and creating a company’s body of knowledge. It is also 
considered “a formal, directed process of determining what information a company has 
that could benefit others in the company and then devising ways of making it easily 
available” (Liss, 1999, p. 1). The traditional knowledge management approach 
tries to capture knowledge in written text and store it in repository systems 
(Huysman & De Wit, 2004). Each individual has to search for, find, extract, and 
interpret knowledge and then use it in the appropriate context while also 
developing and making new knowledge accessible for others, if possible. 
However, difficulties in finding relevant documents have been identified 
(Nergård, 2009), and it has been suggested that some kind of pre-knowledge 
about the context and which terms have been used is necessary to search for a 
document. 
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There are different strategic approaches to knowledge management, and 
finding the right balance depends on the competitive strategy of an organisation. 
For example, some organisations focus on technology solutions, while others 
focus on individuals (Hansen et al., 1999). This view on knowledge 
management calls for direct person-to-person interactions. This approach is 
called a personalisation strategy, while the perspective of knowledge as an 
object, is a codification strategy (Hansen et al., 1999). The latter approach relies 
on codifying and storing knowledge in databases. 

3.2.1 Waves of knowledge management 
Publishing a report in management systems and sharing reflections are two 
different acts. Sharing and reporting align with the terms of the first and second 
waves of knowledge management shown in Table 1 (Huysman & De Wit, 
2004). 

The first wave of knowledge management is applicable in known situations in 
which existing knowledge is gathered, managed, and controlled (Ackerman et 
al., 2003; Huysman & De Wit, 2004). Typically “heavyweight” tools (Bertoni et 
al., 2012), such as knowledge-based engineering tools, are used to support this 
type of reporting of facts, calculations, and measures. Heavyweight knowledge 
management tools need to be maintained and kept up-to-date by, for instance, a 
software engineer. 

The second wave of knowledge management is a social, collective, and 
organisation-wide approach to include experience creation and sharing. It is 
described as valuable in possible learning situations, such as daily work 
experiences (Ackerman et al., 2003). From this perspective, experiences evolve 
in the interaction between individuals (e.g., problem-solving situations). The 
supportive approach for this type of wave is described as “lightweight” (Bertoni 
et al., 2012) because of the low effort required to maintain the contents. 

Table 1. The first and second waves of knowledge management (adapted from Huysman & De Wit, 
2004) 

 First wave of knowledge 
management 

Second wave of knowledge 
management 

Why is knowledge 
shared? 

Managerial needs Part of daily work: as a routine  

When is knowledge 
shared? 

When there is an opportunity 
to do so 

When there is a need to do so 

Where is knowledge 
shared? 

Operational level Organisation-wide 

Whose knowledge is 
managed? 

Individual: human capital Collective: social capital 

What knowledge is 
shared? 

Codified Tacit and codified 

How is knowledge 
shared? 

Repository systems and 
electronic networks 

Via personal and electronic 
networks 
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In organisations with high rates of personnel turnover, the motivation to 
introduce different knowledge management systems seems to increase 
(Huysman & De Wit, 2004). If an organisation relies heavily on traditional 
systems and builds up its knowledge base around these digital archives, it 
indicates that the value of interactions and conversations about daily work 
experiences is considered less important (Quinn et al., 1996). 

3.3 Transfer and sharing 
The concepts of knowledge transfer (Argote & Ingram, 2000) and knowledge 
sharing (Ipe, 2003) differ. Literature suggests the movement of knowledge 
(Sveiby, 2001), but different dimensions of knowledge are in focus. Thus, 
alternative support tools (Argote & Ingram, 2000) and processes (Ipe, 2003) are 
suggested in each specific case. 

Knowledge transfer can be considered a process (Szulanski, 2000) that “occurs 
when experience in one unit of an organisation affects another unit” (Argote & Ingram, 
2000, p. 154). Project-to-project knowledge transfers address information and 
knowledge related to specific problems and solutions from a previous project 
that can be leveraged in the new project (Thomke & Fujimoto, 2000). The 
discussion of knowledge transfer might seem to denote the one-directional 
movement of knowledge, but Sveiby (2001) has claimed that knowledge 
transfer between teams is a co-creation process, even though it helps distinguish 
directional components. Knowledge transfer involves movements between 
larger entities as well as up and down in the hierarchy (Ipe, 2003). Knowledge 
transfer can also be described as the interactions between projects, people, tasks 
or tools (Argote & Ingram, 2001), especially at the organisational and 
management levels. 

Knowledge sharing involves “making knowledge available to others within the 
organisation” (Ipe, 2003). This implies a relationship between at least two people: 
one who possesses and communicates the knowledge and one who should be 
able to interpret and apply the knowledge. The knowledge sharing process 
absorbs knowledge (Ipe, 2003) held by individuals and contains the steps for 
converting knowledge into a form that can be understood and used by other 
people. Ipe (2003) distinguished between knowledge sharing among individuals 
and knowledge transfer among larger units within organisations in order to 
describe the movement of knowledge between entities (e.g., between divisions, 
departments, or even entire organisations). Knowledge sharing is, from a 
different point of view, a dynamic learning process in which organisations 
continually interact to enhance the innovation capability. Individuals with a 
diverse set of knowledge and competencies who interact with each other 
enhance such capabilities; as a result, the organisation’s ability to innovate goes 
beyond what any individual can accomplish by him- or herself (Cohen & 
Levinthal, 1990; Cummings, 2003). Sharing refers to a voluntary act, which is 
distinct from reporting. The latter relates to the exchange of information on a 
structured or routine basis, such as reporting to a function one step above or 
below in the organisational hierarchy (Davenport, 1997). 
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3.3.1 Knowledge transfer models 
Models for knowledge transfer have been introduced as an approach to strategy 
formulation (Sveiby, 2001) and as a management model (Kennedy & Sobek, 
2006). The model to the left in Figure 3 depicts that knowledge is specific to its 
context and distinguishes three knowledge transfer structures: internal structure, 
external structure and individual competence. This division has been explained 
as a possible lack of knowledge sharing between the structures (Sveiby, 2001). 
However, a core perspective of the model is that people in the internal and 
external structure generates value by transferring and converting knowledge 
externally from or internally to the organisations. This should not be seen as 
objects, but a process of interacting with each other (Sveiby, 2001). The 
relationship with external stakeholders, such as customers and suppliers, is part 
of the external structure. Internal structure consists of employees that create 
patents, concepts, models, and such. Finally, professional staff and experts that 
work with an idea possess individual competence.  

Although the transfer process has been claimed not to be a one-directional 
movement (Sveiby, 2001), the arrows in the model indicates the knowledge 
transfer, defines a strategy formulation, and helps distinguish directional 
components. As shown in the left-hand model of Figure 3, it provides nine 
strategy formulations for knowledge transfer, based on what seems to be a 
management oriented view.  

 
 

Figure 3. Two models of knowledge transfer (adopted from Sveiby, 2001; Kennedy & 
Sobek, 2006) 

 
The model to the right in Figure 3 is from a keynote presented as a 

management model (Kennedy & Sobek, 2006).   It consists of defined roles, 
namely, management, workers and experts. This model also distinguished 
among directional components; in this case, the arrows respond to the focus of 
what is expressed in the interactions between different roles (i.e., the context of 
what content a message consists of), but does not show interactions within the 
roles. This also gives an indication of which roles in such a model are 
responsible for which tasks in the project work (e.g., management assigns tasks 
and expects the engineers and experts to execute the tasks and then present the 
results). 
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3.3.2 Communication and conversations 
Knowledge transfer and knowledge sharing implies communication and 
conversation (Nonaka, 2000), creating the basis for making decisions. Product 
development activities include making thousands of decisions. Although an 
organisation strives to make decisions based on explicit facts, many decisions are 
made based on gut feelings and intuitions (Johansson, Parida, & Larsson, 2009). 
Yet these are commonly not perceived as valid sources. Insufficient 
communication can delay decisions; moreover, weak communication may lead 
to unnecessary re-work owing to poor decisions (Smith & Reinertsen, 1998). 
Studies have shown that some organisations seem to find old problems in new 
projects (Thomke & Fujimoto, 2000).  

Communication is described as the transmission or exchange of information, 
ideas, or knowledge (“Communication,” 2014). If perceived as a collective 
activity, one must do more than simply send a message (Clark & Brennan, 
1991); coordination of the message to the recipient participants is required. In 
addition, the one trying to communicate to others needs to ensure that the 
message in question has been interpreted as intended (Clark & Brennan, 1991). 
Changes in product design are suggested to be based on a question-driven 
process in which learning and knowledge acquisition are required for changes at 
both the design and organisational levels (Leifer & Steinert, 2011). Asking 
questions requires more than expressing a probing statement; the person who 
asks the question must also ensure that the respondent has understood what type 
of answer that is being sought (Clark & Brennan, 1991). 

Conversation is also a collaborative activity, but it includes more than 
questions and answers. It is defined as an “interchange of thoughts and words; 
familiar discourse or talk” (“Conversation,” 2014). Clark and Brennan (1991, p. 
130) delineated two phases characterising conversations: 

• Presentation phase—Person A articulates a statement or question for 
person B to consider. A assumes that B acknowledges the statement 
and gives evidence of understanding the statement. B understands 
what is articulated as how it is intended and/or can be further 
reflected upon. 

• Acceptance phase—Person B accepts the statement by offering evidence 
that person A’s statement is understood as it was meant. B assumes that 
when A recognises that evidence, A will also understand that the 
statement has been understood. 

 
This framework explains what has been called common ground and mutual 

understanding (Clark & Brennan, 1991). It suggests that the collaborative action 
of conversations is found in interactions—in “thinking together”—instead of in 
the mere exchange of information and opinions. Oral language is not enough in 
product design conversations; gestures, sketches, and prototypes can all be used 
to describe something, making it easier to visualise what one wants to say 
(Larsson, 2003). 
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4 Summary of appended papers 

This chapter presents a summary of the appended papers, their main results, and their 
relation to the thesis. My efforts in each of the papers are highlighted. 

4.1 Paper A 
Holmqvist, J., & Ericson, Å. (2013). Knowledge sharing in product development: 
Delimitations of a white paper approach. In Product-Service Integration for 
Sustainable Solutions: Proceedings of the 5th CIRP Conference on Industrial 
Product-Service Systems, Bochum, Germany. 
 
Summary: 
This paper investigates how white books are used and can support knowledge 
sharing in product development. Delimitations for transferring experiences 
between different projects in early product development through the white 
book approach are discussed. The written format could become a barrier for 
expressing individually gained experiences. Furthermore, guidelines provide 
consistency but also hinder individual differences when communicating and 
interpreting contents across several projects and knowledge domains. 

 
Relation to thesis: 
The results of this study led to a description of current practices of knowledge 
sharing. In this case, white books were used to support experience sharing, 
which also inspired subsequent research papers. Highlighting the complexity of 
and the different approaches to knowledge management that exist in industry as 
well as in theory further improved and contributed to an understanding of the 
problem. 

 
Authors’ contributions: 
I wrote the body of this paper, managed the literature review, gathered 
empirical data, and performed the analysis. Åsa Ericson contributed with 
discussions and supervision. 
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4.2 Paper B 
Holmqvist, J., & Ericson, Å. (2013). A white book approach as support for sharing 
experiences. In Proceedings of the 19th International Conference on Engineering 
Design (ICED13): Design for Harmonies: Human Behaviour in Design, Seoul, 
South Korea. 

 
Summary: 
This paper studies the different ways that respondents in the case company 
described technical aspects and learning aspects in relation to how they defined 
and explained experiences. There is a clear distinction between what is written 
in documents, such as white books or reports, and what has been expressed in 
conversations between employees or during interviews. Formal technical 
knowledge is expressed in ways that differ from those in which experiences are 
uttered. Both approaches were found to employ the same kind of guidelines and 
templates as support. 

 
Relation to thesis: 
This paper stresses differences between textually and verbally communicated 
messages and elucidates the research towards providing support in knowledge 
conversations. During interviews, it was obvious that respondents started to 
reflect on the matter and suggested actions that could be taken to prevent 
something from happening or to ensure that something happens. Given this 
trend, the idea arose to support different roles and structures in an organisation 
in different ways. 

 
Authors’ contributions: 
I interviewed all the respondents and collected data from the industrial partner 
through both documentation and participatory observations. The paper was 
structured in collaboration with Åsa Ericson. I wrote the paper, which was later 
commented on by Ericson. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Johan Holmqvist, Conversation in Engineering Teams 
 

 27 

4.3 Paper C 
Holmqvist, J., & Ericson, Å. (2014). How global teams share experiences: A study 
of cultural differences. In Proceedings of the 13th International Design 
Conference, DESIGN 2014, Dubrovnik, Croatia. 

 
Summary: 
In this paper the concept of knowledge conversations was first presented and 
discussed in relation to knowledge transfer and different structures. This study 
found that experience sharing happens differently depending on the one who 
possesses and communicates the experiences. Moreover, experience sharing was 
found to be directed towards those who should interpret and use experiences in 
their work. The organisational culture influences companies in many ways, and 
this paper highlights three conversation styles (i.e., hierarchical, structured, and 
informal) in relation to organisational structures. The ‘sender’ and ‘receiver’ 
perspectives were also stressed. 

 
Relation to thesis: 
An earlier study inspired me to investigate the influence of different structures 
and cultures in experience sharing. Thus, this paper explored how 
communication of experiences can happen between different actors in project 
work as well as the ways culture influences the communication. This idea also 
motivated the research related to developing support for the different roles of 
peoples in development projects. The support was later demonstrated in another 
paper (Paper F). 

 
Authors’ contributions: 
I wrote the paper based on ideas emerging from the analysis of empirical data 
from site visits in three different countries. I followed the projects’ work and 
interviewed employees. Åsa Ericson contributed with feedback and comments. 
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4.4 Paper D 
Cox, C., Wenngren, J., Holmqvist, J., & Ericson, Å. (2014). Tendencies 
toward problem-setting and problem-solving: A study of operations derived 
from motivation strategies. Journal of Technologies in Education, 10(2), 1–14. 

 
Summary: 
This study aimed to improve the understanding of how individuals’ motivation 
affects design activities. An experiment was performed with engineering 
students who were given an open-ended design problem. They were divided 
into two teams based upon their individual orientation (goal-oriented or 
insight-oriented), as determined using a questionnaire about motivation 
strategies. 

The team with a goal-oriented tendency demonstrated a problem-solving 
approach, while the insight-oriented team applied a problem-setting and user-
oriented design approach. This should not be mistaken for their ability to 
perform development work, but should rather act as an indication of a way 
teams could be created to fit different design tasks. Thus, depending on the 
objective of an activity, it might be better to form a team with either an insight-
oriented or goal-oriented approach. 

 
Relation to thesis: 
The study inspired me to investigate how different individuals in an organisation 
communicates and reflect on performed activities. From that perspective, the 
insight-oriented approach seems to support experience sharing while the goal-
oriented approach applies better in the later stages of a development project. 

 
Authors’ contributions: 
I developed the paper in collaboration with Johan Wenngren. We handled the 
experiment together and completed a major part of the analysis of the data, 
transcribing, codifying, and analysing the video recordings, in addition to 
providing a draft. Charles Cox contributed the idea for the study as well as 
provided help with the analysis and language check-ups. Åsa Ericson provided 
support in the analysis, disposition, and comments on the texts. 
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4.5 Paper E 
Holmqvist, J., Ericson, Å., & Wenngren, J. (2014). Visualization of problems in 
experience sharing. In Proceedings of NordDesign 2014—10th Biannual 
Conference on Design and Development, Espoo, Finland.  

 
Summary: 
This paper addresses experience sharing and its particular challenges and 
proposes a perspective to support reflection upon practice in innovation 
projects. The focus of the study was the social and know-why type of 
knowledge (e.g., experiences that occur in the daily work activities of teams). 
This paper presents the metaphor of a knowledge mountain as a way to visualise 
problems in experience sharing. Furthermore, it highlights the complexity of 
and relationship between various issues concerning experience sharing. Fourteen 
of these situations were analysed and presented, supported by excerpts from 
interviews. Knowledge leakage and knowledge stickiness vis-à-vis both types of 
project teams and individuals were also stressed, and the consequences of these 
phenomena are discussed. 

 
Relation to thesis: 
This paper was inspired by the iceberg metaphor, as an organisation has a 
greater view of the whole than the individuals alone do. The paper shed light 
on the fact that people view the “mountain,” (i.e., the knowledge base) from 
their own perspectives. Hence, they have different views of a situation and its 
problem. This visualisation served as the basis for highlighting industrial 
implications and proposing actions, but it also comprised a communication tool 
for discussing experience sharing in relation to individuals’ own perceptions. 
This idea encouraged a later study (see paper F) that developed a set of sound 
questions as guidelines to incorporate reflections in experience-sharing 
situations. 

 
Authors’ contributions: 
I wrote the paper. Empirical data came from visits to sites where I observed 
project teams and interviewed employees. I came up with the idea to visualise 
experiences with the image of a mountain. Åsa Ericson contributed a 
comprehensive review of the paper, and Johan Wenngren added useful 
comments and feedback. 
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4.6 Paper F 
Holmqvist, J. (2014) How to make value out of advanced technology projects: 
Supporting experience sharing. Manuscript submitted for journal publication.  

 
Summary: 
This paper prescribes a set of sound questions to support experiences that need 
to be extracted from activities, reflected on, and recontextualised to better fit 
another project. Based on empirical data from a longitudinal study investigating 
experience sharing in early product development work, this paper covered 
knowledge conversations between employees in three roles defined in the study. 
The ways in which employees engaged in knowledge conversations with one 
another were observed; interviews with representatives from different projects 
and investigations of project documentation supplemented the observations. A 
demonstrator with guiding questions was initially tested. 

 
Relation to thesis: 
This paper combines the different perspectives of experience sharing from 
previous papers concerning contexts, roles, cultures, and more. The different 
perspectives are aligned into the concept of knowledge conversations and 
resulting in a set of guiding questions. The proposal presented in this paper can 
be seen as an attempt to package support for knowledge conversations and, 
subsequently, experience sharing support. 

 
Author’s contributions: 
I developed and wrote the paper. The initial idea stemmed from insights 
gleaned from gathering empirical data and feedback from company 
representatives. The demonstrator was developed based on an analysis of 
empirical data and was later tested and discussed with both academics and 
industrial representatives. 
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5 Conversation in engineering teams 

This chapter describes the main empirical results and presents the analysis and discussion 
in relation to the literature. The thesis work builds on results of appended papers and 
explains knowledge conversations in teams, how the conversations take place, as well as 
how they might support development of a deeper understanding and facilitate interactions 
of people with a certain orientation or project role. 

5.1 Experiences 
This thesis, as stated in the introductory chapter, focuses specifically on sharing 
experiences. Experiences are a specific type that relates to the tacit dimensions 
of knowledge (Polanyi, 1966a; Nonaka, 1994; Nonaka, Toyama & Konno, 
2000). Knowing, doing and learning are terms that describe activities of experience 
creation (Polyani, 1961; Fong, 2008). This includes interactions and 
collaborations between individuals (Puusa & Eerikäinen, 2008). The life-cycle 
model is used to describe a contemporary view of knowledge management. For 
example, Nuzzo and Lockwood (2005) suggested the identify, capture, store, 
access, share, use, learn, and generate/acquire phases. Such a description shows 
that organisational knowledge needs to be not only reused, but also refined. Yet 
a life-cycle model does not per se address its type of content. Huysman and De 
Wit (2004) concluded that there are two types (i.e., waves) of knowledge 
management: one more traditional that addresses explicit knowledge (e.g., what 
can be readily expressed in formal language and text) and one that addresses the 
efforts to codify and share experiences. 

From a product development perspective, one can look at experiences as 
something developed by engineers and researchers through several iterations of 
inquiry in previous situations, as learning gained from a better understanding of 
practice (Wood et al., 2009). Thus, one can argue that experience implies some 
useful knowledge gained from solving problems that are stored in the mind of 
the one who possesses the experience (Choo, 2000). The efforts of knowledge 
management should, however, not be to capture knowledge, but to make sure 
that it will benefit those who need it (Pugh & Dixon, 2008)—that is, to put it 
to work or to gain actionable understanding from it.  

5.2 Important terms and concepts 
From the empirical data, several types of knowledge categories can be identified: 
knowledge gap, knowledge project, knowledge program, portfolio and 
knowledge inventory. 
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A knowledge gap is described in company records as the difference between 
needed and available knowledge. The gaps appear between a project’s body of 
knowledge and the assigned task. Identifying and closing knowledge gaps are 
part of the objectives of a knowledge project. These projects have been defined as 
technology investigation and conceptualisation activities, meaning they can be 
categorised as R&D work. Furthermore, the company representatives describe 
that the technology development activities can take many shapes due to 
technology maturity, complexity, and size. A project is a temporary organisation 
with a defined time period. The knowledge projects are positioned at the 
department level.  

The company introduced knowledge programs and described them as follows: 
“The key difference between a program and a project is the finite nature of a project—a 
project must always have a specific end date, else it is an ongoing program.” A 
knowledge program has a general topic that suggests a possible approach to 
incorporating the learning perspective into product development. The programs 
are established at the organisational level, and the intentions are to explore 
solutions in a given current topic. For instance a program related to energy 
could have an overall objective to explore solutions, such as examining: “How to 
convert any energy into motion?” A knowledge program creates and maintains a 
plan of activities and supports the continuation of projects, as needed. A 
knowledge program also encourages people to share insights with others in 
related topics. In this particular case the knowledge programs are initiated from 
portfolios and, hence, are positioned at the organisational level. 

Portfolio, in general, is used to gather work samples and record the skills or 
accomplishments of people (i.e., something with which one is satisfied). When 
talking to company representatives, they distinguished portfolio from 
repositories. The latter was explained as a storage location whereas portfolio was 
perceived as something being more interactive.  

Moreover, one informant coined the term “knowledge inventory” 
(kunskapsinventering in Swedish) to explain that one activity missing is identifying 
and bookmarking knowledge. The informant underscored its importance by 
saying “you need to conduct a knowledge inventory”. The need for the inventory, as 
the informant further explained, was that it must be possible to locate and close 
knowledge gaps in future projects as well. The informant’s identified lack of 
support that was articulated as a need for a knowledge inventory was explained 
as two different types of knowledge: one linked to confidence and one to 
characteristics. Confidence, is shortly, related to decision-making, meaning the 
project members assess their knowledge about a technology area or projects to 
be sufficiently mature. Meanwhile, characteristics are related to the 
accomplishment of one feature that, in turn, if creating value for customers, 
insists on other improvements. Thus, the confidence/characteristics types 
explain that some knowledge is more mature than other. Johansson et al. (2009) 
discussed knowledge maturity on a scale ranging from inferior to excellent. 
These inventory types seem to relate to such a distinction, where confidence 
can be found to be closer to excellent and experiences from the improvements 
to those characteristics develop from the inferiority end of the spectrum.  
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Knowing, doing, and learning in the meaning, as discussed here, describe 
activities of experience creation. When a new project starts, an effort could be 
made to conduct a knowledge inventory, which explores insights on the project 
level. However, here it might be good to ask how to make the findings from 
the inventory appear at the organisational level. The activities of identifying and 
closing knowledge gaps, which are the key responsibilities in a knowledge 
project, are scarcely captured in project documentations. This is not a case of 
lacking intentions, but it can be argued that it relates to the difficulties of 
formalising the actual activities of experience creation. Thus, the activities as 
such are not acknowledged and authorised at the organisational level. Thus, this 
might decrease the incentives for people to share. Not identifying and creating 
experiences to close the gaps put any development project at the risk of 
repeating mistakes and “reinventing the wheel.” However, regular knowledge 
inventories, as the informant suggested, make the organisation conscious of its 
direction. The study also found that interchanging thoughts and gaining insights 
from different perspectives (i.e., bridging the gap) contributed to the overview 
of what happens in a project’s wider environment. One important aspect of 
experience sharing is that employees need to be acknowledged for their efforts 
and challenged to learn anew. 

In discussing the other previously mentioned concepts, starting with 
portfolio, it seems that portfolios contain both explorative and mature types of 
activities. A company’s presentation materials about portfolios emphasise that 
collaboration is not supported sufficiently, which concurs with the argument 
that experiences created in collaborative projects are not documented in a 
portfolio. Knowledge programs are initiated from portfolios and both support 
transparency and promote cross-functional collaboration. As collaboration is an 
important part of creating shared experiences, there is also an intention to 
support those activities. The knowledge programs promote cross-functional 
collaboration in itself, but other means are needed to support experience sharing 
as well. Finding people with whom one can share experiences or being aware of 
the knowledge programs’ contexts might support activities that can incorporate 
experience creation. 

It can be argued that the knowledge gap indicates what is identified as a 
missing piece between what is known and what is needed. Before a knowledge 
gap can be identified, the knowing, doing and learning from previous projects 
have to be established. As the objective of a knowledge project is to identify and 
then close a knowledge gap, it may contribute to the characteristics or the 
confidence experiences. As practice suggests, experiences from project activities 
need to be identified and expressed in a way that could benefit future projects 
and work as a reference. However, as seen in the studies here, there is often a 
focus on the final project results and outcomes. Consequently, the learning 
perspective is missing, at least in the documentation. Nevertheless, closing an 
existing knowledge gap and identifying the body of knowledge are not quite 
the same. People might understand what the body of knowledge is, but still lack 
the abilities to identify the activities necessary to close the gap.  
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At the organisational level, a general view on the body of knowledge can be 
described, but activities linked to experiences are not easy to acknowledge; thus, 
it is a challenge to share and understand. 

As discussed here, although companies have intentions, make serious efforts 
and integrate the knowledge challenges into projects, there are still aspects of 
knowledge management that need to be supported. 

5.3 Knowledge transfer is not experience sharing 
Knowledge transfer from one context to another is considered to exercise little 
or no influence on learning. Learning is key in experience sharing. More in-
depth scrutiny of the concept of transfer is needed. Existing literature on 
knowledge transfer (Argote & Ingram, 2000) pointed out the challenge of 
relating the concept to the establishment of mutual understanding in a given 
context. Experiences, as described in literature (e.g., Bergmann, 2002; Choo, 
2000; Yoo, 2008), are possessed by an individual, but are created in interactions 
with others. Thus, mutual understanding in the given context of the project is 
related to experience creation. Knowledge sharing in general terms refers to 
individuals’ sharing insights (Ipe, 2003) and is considered to be a voluntary act 
distinct from reporting (Davenport, 1997). Reporting is explained as providing 
formal information about, for example, project progress and status (Davenport, 
1997). A report relates to the description of the result of an accomplished task, 
while experiences relate to the consequences and the reflections on performed 
activities (i.e., learning that can act as future references). 

Sveiby (2001) introduced a knowledge transfer model based on the 
perspective of different structures within and in relation to an organisation. It 
also contains the perspective of individuals. The main reason to emphasise a 
knowledge transfer model is to make it visible that communication is not as 
mechanical as presented by Shannon and Weaver (1949)—namely, the idea of a 
message going from a sender to a receiver. Sveiby’s model can be used to 
support the discussion concerning whether or not experiences can be 
transferred. The model demonstrates that one individual’s intended message can 
be differently interpreted by another, and thereby demonstrating that the 
message loses its initial meaning (paper C). 

Knowledge transfer is a generic term when spoken, but the study of company 
material shows that there is an awareness of a difference between the transfer of 
explicit knowledge and the sharing of experiences; an example of this is project 
documentation templates. Interviews and documentation related to the 
respondents’ project were analysed. Experiences were mentioned 44 times in 
interviews and 4 times in formal documents. Transfer occurred 64 times in 
interviews and 76 times in documents. The vision of sharing was recognised 38 
times in interviews and 30 times in documents. 

Thus, the ways that teams document projects and reflect on experiences in 
relation to what was found in other sources of data do not correspond. 
Reflections and shared experiences were, seemingly, created in project meetings 
and informal interactions between people. The interviews conducted to gather 
empirical data also indicate some evidence of experience creation being 
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supported by informality. Yet an experience is hard to describe and understand 
in a significant way by simply reading documented texts. This means that people 
have to participate actively, or be informed about the activities in a project, to 
benefit from reading the documentation. 

In the literature, transfer and sharing are identified as the two main concepts 
which aim to support the movement of knowledge and experiences. 
Knowledge transfer uses the traditional management systems as support and 
frequently manages and stores existing knowledge. In management literature 
(e.g., Argote & Ingram, 2000), knowledge transfer refers to the transformation 
of knowledge between larger units (Ipe, 2003). The focus in knowledge 
management is to provide technologies for managing and control, such as by 
using repository systems. Knowledge transfer corresponds to the core outcome 
of knowledge management, which is the documentation of project results. The 
control and monitoring approach facilitates the dissemination of explicit 
knowledge. 

Experience sharing needs interaction and collaboration in an informal, 
personal way. Still, the collaborative process in which individuals interact and 
convert experiences has a greater objective than meeting the personal needs of 
acquiring experiences. The collaborative activities provide a link between 
individuals and the organisation (Ipe, 2003). Experience sharing supports 
reflections in and upon practice (paper A & paper B). Taking part in such 
reflections enables other individuals to engage in experience creating activities. 
In addition, experiences from previous project work might not support the 
stated objective of a project; still, they consist of experiences from knowing, 
doing and learning in daily activities.  

One informant mentioned that someone else’s perspective contributes to 
experience sharing: “I think it is very important… I like to get everybody else’s 
perspective.” When informants referred to knowledge transfer, they often 
mentioned the time perspective as they underestimated the time it takes time to 
formalise and document. Experience sharing happens informally in interactions 
with people, which means that the time is hidden in the activities; thus, it 
cannot be estimated as the time spent on documentation can. The 
acknowledgement comes directly in interactions for experience sharing, while 
documents can be used without giving any response. 

Knowledge transfer can be seen as a technical problem, because tools and 
systems serve as the basis for transfer, but sharing experiences is an interpersonal 
situation in which conversations might occur. Based on the analysis of the 
knowledge transfer (e.g., Argote & Ingram, 2000; Sveiby, 2001) and knowledge 
sharing (Huysman & De Wit, 2004; Ipe, 2003), it is possible to argue that both 
concepts provide support in knowledge projects, but with different intentions. 
Acknowledging the existence of the two approaches—namely, knowledge 
transfer and experience sharing—prevents a conflict of favouring one at the 
expense of the other. 

Transferring something grounded in a mix of subjective assumptions and 
insights from conversations and facts has proven difficult to convey in its initial 
form to those who have not been involved in the problem-solving situation. 
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5.4 Orientation and tendencies 
Teams in innovation projects need a common goal, but different members can 
interpret such a goal differently. In these types of projects, the members deal 
with open-ended problems, so-called wicked or ill-defined problems (Rittel & 
Webber, 1973) in which learning and creating shared experiences are vital. 
Team members bring in different skills and personal orientation and take on 
different responsibilities in the project work. In paper D, two types of personal 
orientation are the basis for the experimental study: (1) goal-oriented (i.e., 
focuses on achieving a predefined goal) and (2) insight-oriented (i.e., focuses on 
creating insights and ensuring a common understanding of the goal). 
Straightforwardly what was found in the experiment was that insight-oriented 
students tend to put more effort into the creation and sharing of experiences 
than goal-oriented students. 

Because insight-oriented individuals have a tendency towards a problem-
setting approach—such people want to gain a holistic understanding of a 
situation—they tend to apply a learning approach to the problem. They tend to 
investigate and reason in-depth about the problem area, and they also scope or 
define the problem before actually trying to solve it. This leads to an open-
minded and divergent approach of building and combining concepts. Hence, 
insight-oriented individuals might be more suitable in creative and concept-
design activities. However, one cannot claim that insight-oriented individuals 
by default perform well in all innovation projects. A goal-oriented individual, 
who focuses on prioritising and accomplishing a defined task, could plausibly be 
an appropriate match for completing activities of planning and managing market 
opportunities and resources. 

Personal orientation indicates the approach that individuals apply in a 
knowledge creation situation. The orientation should not be confused with the 
degree of the individual’s skills or competence. Knowing that the two personal 
orientations exist increases the understanding for how different individuals 
approach a problem situation and provides possible support for the development 
of collaborative experience sharing activities in projects. 

Based on the results in the student experiment, a tentative conclusion could 
be that training (if possible) individuals and encouraging an insight-orientation 
among project team members would likely benefit experience sharing. 
However, in light of the experiment’s results, experience sharing was supported 
by the possibility of continuous conversations among the same team members. 
The constellation of a project in an industry is, in the best-case scenario, scaffold 
based on individuals’ project experiences, competences, and types of 
employment. A worst-case scenario is that the constellation is put together 
based on sheer availability. Paper A stressed the lack of continuity in keeping 
team members throughout the project period and highlighted some challenges 
related to communicating experiences primarily through documentation. 
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5.5 Directed conversations 
Technologies may provide support for texts, pictures, sounds, and videos in 
sharing situations, although as discussed in paper E, technologies cannot solely 
replace human interactions. As sharing experiences takes place in interpersonal 
situations, this has to be a priority when developing technical support. From 
insights of interpersonal situations and informality, a, so far, perceived mismatch 
was discerned in the empirical data between communicating and conversation. 

Communication describes the transmission or exchange of information, ideas 
or knowledge. Communication is stressed as a collective activity (i.e., involving 
two or more individuals), but not all parties actively contribute or even 
acknowledge the messages. Thus, if communication is seen as a collective 
activity, one must do more than simply send a message (Clark & Brennan, 
1991). One suggestion is to make it a question-driven process, encouraging a 
learning perspective to development work. However, it is not sufficient to pose 
a question. Conversations indicate an interchange of thoughts and experiences. 
In other words, people understand each other’s perspectives through dialogues 
and create shared experiences. Informants mentioned information and 
communications technology (ICT) as a possible solution that supports 
communication, but did not consider it to be a tool for experience sharing (i.e., 
informants considered such tools as being storage systems). Thus, when there 
are no existing tools defined and when existing tools are implemented, the 
question of communication seems to be interpreted as a technical problem. This 
makes it possible to argue that the informants give expressions for the possibility 
of conversations to benefit experience sharing.   

Conversations take place in interpersonal situations, where people actively 
take part by facilitating, demonstrating or interchanging thoughts rather than 
communicating a message. Conversations make it easier to understand who 
might be affected or benefit from collective reflections. From this, it could be 
possible to direct a conversation towards those people. Conversations have two 
phases (Clark & Brennan, 1991): presentation and acceptance. One individual 
presents, and the other needs to articulate something on the content i.e. not 
only recognise the presentation. If they do not agree on or understand what is 
being presented, the acceptance phase includes questions or other interactions to 
make an effort to share perspectives and create shared experiences. Figure 4 is an 
attempt to reason and map out the relationship between the different types of 
interactions discussed in this section. The figure provides a basis for the 
suggestion about how to improve the procedures for sharing experiences. 
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Figure 4. Range of interactions: conversation to communication 

 
Figure 4 illustrates the different perspectives of the experiences and highlights 

two kinds of support: one that is an established approach developed for 
communication support, and the second is a suggested approach to support the 
conversation of experiences. It should be noted that informants talked about 
both communication and conversation. In some contexts, informants expressed 
that they communicated a message such as when speaking in a meeting or 
writing an email or report. They also described that experiences are 
communicated. However, the observations indicated that conversations, 
characterised by interpersonal situations, active partaking and the interchanges of 
thoughts, are a common activity that takes place in informal meetings between 
people. Creating shared experiences and making reflections in conversations 
help people to interchange thoughts and possibly interpret and maintain the 
understanding for such conversations. While weak communication might delay 
or even yield poor decisions in product development. As thousands of decisions 
are made in product development, poor decisions can result in unnecessary 
rework (Smith & Reinertsen, 1998). 

Conversations that encompass sound questions to support development work 
and decision-making processes can increase the shared understanding and 
learning from such situations (paper F). Having a quest for experiences enables 
new discoveries and learning situations that come from reflecting in and upon 
actions (i.e., daily work activities). Thus, experiences are created and possibly 
also shared in conversations. One aspect that should not be diminished is the 
internal experience conversation, meaning that individuals by themselves 
sometimes have thoughtful conversations. Referring to Figure 4, this can be 
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addressed as unreflected doings. Consequently, the experiences that an 
individual possess from performing an activity need to be reflected upon; one 
approach to doing so is to pose sound questions and try to answer them. This 
approach may help the conversion of tacit experiences to explicit experiences, 
thereby facilitating the individual to articulate experiences in a form that makes 
it possible for them to make conversations with others. 

5.5.1 One proposal to improve experience sharing  
Internally within the research group, we spent several years testing and 
evaluating different approaches for experience sharing as part of the 
experimenting on suggestions for the industry. We tried micro blogs in a wider 
research group (sharing general experiences) and a wiki (sharing particular 
experiences) for a limited group. In summary, none of these approaches was 
assessed as a good means for experience sharing due to the limited possibilities of 
interactions; however, some minor degree of exchanges of thoughts could be 
done via the texts. The micro blog was assessed as being too impersonal for 
experience sharing and interactions, so it ended up being used for information. 
The wiki was excellent for both information (“Read this article, it is good”) and 
communication (“This article is good, it is about…”). Both the blog and the 
wiki shared similarities with repositories and portfolios, yet they also quickly 
suffered from “poor tagging” and it was hard to find what one was searching 
for. In short, when analysed in relation to the theoretical domains and the 
empirical data from the industry, it was found that any solution has to provide 
support in the direction of someone (individual, group, segment, etc.) instilling 
a sense of relevance. If so, the sharing was more of a voluntary act towards 
humans and not perceived as a reporting effort to compose a document (e.g., 
Davenport, 1997). 

A compass is a direction indicator (and thus is used as a metaphor for the 
development of the proposal), yet finding the path or stating what the direction 
might be is still a matter of the user. Nevertheless, using the metaphor of a 
compass demonstrates the complexity of experience sharing while further 
shedding light on the possibility of directing conversations. The compass 
metaphor should also reflect that, once people know that they want to share 
experiences with others, they do not need to use the same path every time. 
Instead, they can set the compass towards the person they would like to address 
and find a way to reach there.  

The three project roles highlighted in Figure 5 were identified in the studies 
and can be seen as the points of the compass, equivalent to east, west, and south. 
Thus, it is by no means an attempt to include all roles in an organisation. The 
compass can act as an explanation model for conversations in project teams as 
well as a support for how to develop guidelines and tools to improve experience 
sharing. Furthermore, it can also provide insights into what to expect will not 
be shared with a certain project role. 
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Figure 5. Knowledge conversation model (adapted from Kennedy & Sobek, 2006) 

 
The arrows in Figure 5 indicate which events are commonly in mind of one 

project role when initiating conversations, which is why they are one-
directional. The loops with arrows that circle the three project roles indicate 
internal conversations or conversations between people with the same project 
role. Thus, people in these conversations share some pre-knowledge about the 
context. The events in the conversation model have been adapted from a 
management model (Kennedy & Sobek, 2006). For example, conversations 
between engineers and management tend to focus on either reporting and 
reflecting on activities if engineers initiate the conversation or the interchange 
thoughts and discussing plans for future project activities when initiated by 
management. 

Based on the studies (paper B and paper F), it was found that the intentions 
with an experience sharing conversation from one project role to another role 
were not always the same; this made it important to understand that the 
activities are also interpreted differently. Understanding the consequences of past 
decisions and actions can mean one thing for a manager and a totally different 
thing for an engineer because of their different responsibilities. 

For example, an engineer initiated and directed the conversation towards the 
project role of experts. In this particular situation, it was related to a 
technological concept. The engineer identified a knowledge gap by performing 
project activities. Once the engineer found out about the situation, questions 
were asked to experts, to see if they can provide an additional view or add to 
the existing one that could be of help. People interchanged thoughts and 
reflected upon the actions, the engineer presented the situation, which was 
acknowledged by the expert and rephrased to show that as it was understood. 
This task helped them create shared experiences and identify how to bridge the 
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gap. Because the problem situation included other technology areas, thereof a 
knowledge gap, they could not solve the problem themselves. Later, one expert 
returned to the engineers with knowledge that explained the situation. The 
expert directed the conversation to the engineer, and they came up with 
suggestions and defined the procedure for how the problem could be solved. 
This implies identifying and sharing experiences to acquire contextual 
understanding. 

The cultural aspects (paper C) of experience conversations also influence how 
people express themselves. A formal conversation style implies a certain type of 
question, and an informal type of conversation deals with other kinds of issues. 
Basically, the purpose and context of a conversation should guide the 
participants. Therefore, it is important to understand that just because one poses 
a question or provides argumentation, it will not automatically be interpreted as 
intended (paper E). To ensure that the intentions in some degrees align with the 
interpretations, it is important to interact; thus, the suggestion is to do so via a 
conversation. 

The creation of shared experiences and the interchange of reflections 
between the different project roles consequently requires conversation, 
especially if involved in different projects or different project activities. The 
discussion of the model depicted in Figure 5 with industry representatives 
supported the development of a shortlist of relevant actions and guiding 
questions. The guidelines are as follows: 

 
• Management—Management 

o What sets the context for your experience? 
o How could your experience contribute to organisational 

knowing? 
o Why is the experience valuable for the organisation? 
o How does your experience change existing knowledge? 

 

• Management—Expert 
o What knowledge domains does your experience address? 
o How can your experiences contribute to the mapping of 

available competencies? 
o Why have you related your experiences to the chosen domain? 
o What proposal would be relevant based on your experiences? 

 

• Management—Engineer 
o Clarify what attributes and capabilities are lacking. 
o How will your experiences develop and/or match current 

knowing? 
o Why are your experiences important for engineering teams? 
o What actions do you recommend based on your experiences? 
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• Expert—Management 
o What are the critical competencies and knowledge for the 

organisation? 
o How do your experiences relate to formalised knowledge? 
o Why are your experiences an advantage for the organisation? 
o How would you prioritise additional needed knowledge? 

  

• Expert—Expert 
o What pre-knowledge supported your experiences? 
o How do your experiences create new knowledge? 
o Why are your experiences and knowledge critical in this 

context? 
o How might your experiences be fed into a new project? 

 

• Expert—Engineer 
o What is the contribution of your experiences to the 

engineering teams? 
o How did the challenge or possibility advance your experiences? 
o What would you do differently if you were able to do it again? 
o How might your experiences close knowledge gaps? 

  

• Engineer—Management 
o What is the relationship between your experiences and 

organisational vision, goal, or purpose? 
o How do your experiences contribute to the coordination and 

matching of resources? 
o Why are your experiences useful for other situations in the 

organisation? 
o What improvements or developments can you propose based 

on your experiences? 
 

• Engineer—Expert 
o What are the knowledge gaps you have identified? 
o How will your experiences support team competencies? 
o Why is it crucial to identify this knowledge gap? 
o What feedback and further actions are needed to make use of 

your experiences? 
 

• Engineer—Engineer 
o What pre-knowledge made you gain the experience? 
o How has your experiences affected your capability to conduct 

your task? 
o Why do your experiences support functions in a team? 
o Propose what your experiences provide for the better 

execution of future teams’ tasks? 
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The guiding questions in each phase follow the different perspectives of first- 
to third-loop learning (Argyris & Schön, 1978; Leifer & Steinert, 2011; M. K. 
Smith, 2001). The first question requests a description of the procedures or rules 
of work (i.e., first-loop learning). The next phase is based on questions to 
provoke the individuals to reflect and share insights about what they are doing, 
which helps identify gaps and for which changes could be proposed. Then 
guiding questions that intend to provide support to reflect on consequences of 
situations and why activities were performed (i.e., second-loop learning). The 
last question in each phase supports the arranging of experiences to close 
knowledge gaps and suggest recommended actions. This can be argued to have 
similarities to learning about learning and can be a possible way to turn 
experiences into future actions (i.e., triple-loop learning). Thus, these studies 
suggest directed conversations and propose guiding questions from which to 
start. 
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6 Conclusions 

This last chapter of the thesis summarises the overall conclusions in relation to the guiding 
research questions stated in the introduction. It highlights the implications of the thesis’s 
results and outlines future research efforts given the new insights to which this work has 
contributed. 

6.1 Revisiting the motivation 
The motivation for this research has been, first, to understand and examine 
challenges related to sharing experiences in an engineering context and, then, to 
prescribe a suggestion for how to facilitate and support not only documentation, 
but also reflections on experiences. In order to do so, three research questions 
were formulated. 

6.2 Summary of results 
The first research question was:  

RQ1: What is knowledge transfer? 
 
This research work initially addressed knowledge transfer, an established 

concept in both the literature and the industrial context. Knowledge transfer 
describes a process that involves the movement of knowledge from one unit of 
an organisation that affects another unit. Starting from knowledge transfer, the 
research focused on engineering teams and how they worked in knowledge 
projects (i.e., R&D projects). Empirical data from interviews, observations and 
documentation pointed towards a distinction between knowledge transfer and 
experience sharing. Knowledge transfer relates to the first wave of knowledge 
management applicable in known situations, where existing knowledge is 
gathered, managed and controlled. It was found that knowledge transfer uses 
traditional management systems as support. Knowledge transfers are thus more 
of a technical problem that takes place through or with the support of 
management systems, but cannot replace human interactions. Experience 
sharing happens informally in interactions with people, and it was found that 
gaining experiences depends on whether or not responses and 
acknowledgements are given. The distinction between the concepts has been 
discussed, but it is concluded that both concepts provide support in knowledge 
projects, yet with different intentions. The research work and the discussions 
also led to the distinction between communication and conversation in relation 
to the theoretical perspectives of knowledge transfer and experience sharing. 
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Moreover, conversations have been observed as an activity to share experiences. 
The difference between communication and conversation has, in this specific 
case, been described as: 

• Communication is the transmission or exchange of information, ideas 
or knowledge. Although two or more people are involved in 
communication, they do not have to contribute actively.  

• Conversation is an interpersonal situation that has two, but iterative, 
phases, presentation and acceptance, where people actively take part 
by facilitating, demonstrating or interchanging thoughts. One 
implication of a conversation is that people reflect and create an 
understanding of each other's perspectives.  

 
The second research question was:  
RQ2: What impact do individuals’ tendencies have on knowledge transfer procedures? 
 
Engineering teams often work with open-ended problems. Knowledge 

projects are typically open-ended to varying degrees. Team members bring in 
not only different skills, but also distinct personal orientations to the project 
work. Two types of personal orientation were tested in an experimental study, 
namely goal-oriented (achieving a predefined goal) and insight-oriented 
(creating insights and common understanding). Based on the experiment, it can 
be argued that it seems like the insight-oriented tendency benefits experience 
sharing in collaborations and interactions, at least on a homogenous team. 
However, as the allocation of persons in industrial projects differs significantly 
from how the student experiment was set up, it cannot be concluded that 
homogeneous insight-oriented teams would be optimal. Instead, it might create 
other problems, e.g. increased time to market or increased time to settle on a 
common goal. 

 
The third research question was: 
RQ3: How can knowledge transfer procedures be improved? 
 
Finally, the motivation for conducting the work was to propose some type of 

support for the improved capture and formalisation of experiences. Based on the 
analysis of the empirical data and the theoretical domains, I highlighted two 
different supports: one established way developed for communication support 
and the second is a suggested approach from my studies to support the 
conversation of experiences. The suggested support directs conversations 
towards a ‘receiver’ (individual, group, segment, etc.). According to the analysis 
of project teams, three project roles have been identified and discussed in a 
conversation model. These project roles serve as the basis for discussions on 
what different conversations represent and thus support. Furthermore, I have 
developed guiding questions as one possible approach to incorporate the 
learning perspective into product development and encourage people to take 
actions. 
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6.3 Contribution 
The industrial contribution of this work is the distinction between knowledge 
sharing and experience sharing as well as an exploration of communication and 
conversation. The contribution is not a suggestion to stringently use either or in 
daily work, but to reflect on how the activities differ. From this, appropriate and 
specific approaches can be developed.  

The academic contribution of this work is the input to the traditional 
knowledge management discipline. There is a need for technological support for 
experience sharing, but a challenge is to not apply first wave knowledge 
management thinking in the development. The proposed guiding questions can 
show useful for avoiding such a perspective. 

6.4 Suggestions for future research 
This research work studied the daily activities in knowledge projects, which 
initially focused on knowledge transfer. However, over time, I addressed the 
area of experience sharing. The discussions highlighted several areas that need to 
be addressed in future studies, including how to adapt to a process of continuous 
experience sharing in a gated development process. Commonly, larger 
organisations have long implemented gated development processes, which 
might not have been developed to support even knowledge transfer. Initial tests 
of the experience compass with guiding questions have been carried out in the 
industrial context. Feedback and discussions with informants about the support 
for experience conversations contributed to the interest in determining how to 
further develop this approach. Informants discussed possible improvements and 
highlighted new challenges. For example, the three project roles might not be a 
sufficient approach and do not give a comprehensive view of the situation. 
Thus, identifying possible project roles is one future research activity, as well as 
exploring the constraints of the approach.  

The influence of geographical, cultural and hierarchical dispersion, which 
have been highlighted, should not be diminished in future work. Such 
considerations also influence the appropriateness of the approach. 

Learning has been discussed as a key to experience sharing. Thus, future 
study could explore the advantages and drawbacks of standardised models. In 
particular, studies of individual orientation and preferences seem important.  

The concept of knowledge inventory deserves to be investigated in relation 
to key performance indicators. Hence, how to justify experiences with respect 
to the technology readiness level and knowledge maturity is one interest for 
future studies. 
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Abstract. There is an on-going movement in manufacturing industry towards 
Product-Service Systems (PSS), which manifests the importance of making ex-
perience based knowledge organizationally available. In this paper a study of 
how white books is used and discussing any delimitations in transferring expe-
riences is in focus. The paper builds on an empirical study in a manufacturing 
company, which has long ago implemented the white book approach and also 
has the vision of PSS development. It has been found that the format of a white 
book and the guidelines for authoring them could be a barrier for expressing in-
dividually gained experiences. Subsequently, does not support a knowledge 
transfer between projects having different aims, perspectives and knowledge 
domains.  

Keywords: Product-Service Systems, knowledge transfer, knowledge sharing, 
expertise sharing, innovation projects, white books. 

1 Introduction 

Product-Service Systems (PSS) calls for additional competences of the engineers, for 
example a capability to simultaneously design service solutions, which insists on 
skills to understand fuzzy user situations and needs [e.g., 1]. Fundamentally, the ser-
vice infusion in PSS challenges traditional knowledge transfer due to the different 
logics of product development and service development [2-3]. A similar difference in 
reasoning can be discerned in how engineers manage facts (i.e., measured and verified 
knowing) and experiences (i.e., assessed and sensed knowing) in contemporary engi-
neering projects.  

Development of PSS offerings increases the so-called tacit knowledge, as for  
example experiences, in the process activities. Tacit knowledge is recognized as an 
important element of product development and design work [4], this knowledge is 
described in literature as experiential and action-oriented knowledge hard to codify 
and communicate in writings [5]. The PSS vision stresses the importance of commu-
nicating tacit knowledge and experiences throughout the development process, in 
particular externally gained insights needs to be brought into early stages of concep-
tual design. And, this is from industry representatives described as a grand challenge 
for PSS. This might be the case since the problem is already known, sharing  
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experiences is as is today a challenge in existing development projects [6]. A common 
approach in industry is the efforts to capture lessons learned and experience based 
knowledge in white papers. A white paper, or a white book in this case, is a written 
report often authored by a project leader. The intentions are to aid understanding of, 
for example an issue, a problem, or guide decisions or a subsequent project. By this, a 
large part of the contents in white papers strive to capture and formalize experiences 
and tacit knowledge. The paradox of experiences as “not being readily expressed” and 
“hard to codify” is recognized by organizations, while in lack of more promising  
approaches the white papers are a good effort.  

Within a framework of PSS as triggering a more effective approach to sharing ex-
periences, the purpose in this paper is to exemplify the delimitations of white papers. 
This is done in order to conclude on implications in general, but also in particular for 
PSS development.  

2 Methodology 

The study presented in this paper is not only theoretical, but also based on interviews 
with industry representatives from a product development company. The company 
has a background of implementation of PSS solutions, and PSS is also part of the 
future vision. The company has assisted in finding representatives involved in a 
knowledge transfer process between two different phases of product development. So 
far, particularly the knowledge transfer between the advanced engineering project and 
the receiver, a new product development project, has been in focus. 

7 representatives from four similar projects have been involved in semi-structured 
interviews. Both employees from the transferring sides and the receiving side of such 
knowledge transfer process have been interviewed based on their previous and current 
experience. Further, a number of 25 white papers have been examined, not only from 
these projects where interviews have been conducted, but also from other related 
projects. 

Longitudinal empirical data is used as a base for this study. Data has been gathered 
when following actions taken in the advanced engineering project for over 2 years.  

During company visits, project meetings and workshops have been attended. Sha-
dowing of employees, i.e., following someone when doing ordinary tasks, has been 
used to gain insights into daily knowledge sharing activities. Interviews with engi-
neers, project leaders and experts have been conducted, transcribed and analyzed. 
Informal discussions with project members and check-ins on project portals has con-
tributed to a general view of the work. So, all in all, besides interviews and scanning 
documents, the projects’ work has been observed at the company, but also by partici-
pation/observation of the activities at digital portal for project work. 

3 Knowledge Management 

Product development is often described as a knowledge intensive work and know-
ledge management approaches are well established in manufacturing industry, e.g., in 
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Knowledge Based Engineering (KBE), Computer Aided Design (CAD), Product Data 
Management (PDM) and Product Lifecycle Management (PLM) systems. 

Knowledge management refers to the actions undertaken in order to enhance and 
ensure the organization's knowledge base [7]. As different views on knowledge exist, 
different perceptions exist regarding how to manage knowledge as well. 

In knowledge management literature, the division into two streams is common, 
namely first and second wave of knowledge management. The first wave describes 
gathering, managing and control of existing knowledge [8]. This type of knowledge is 
typically facts, calculations and measures etcetera. This is also the type of knowledge 
a KBE-tool is based on. This kind of knowledge management tools can be described 
as ‘heavyweight’ support [9], since it needs to be maintained and kept up to date by a 
specific organizational role, for instance a software engineer. 

The second wave of knowledge management relates to creation and sharing of 
knowledge, but is also described to have a meaning of providing possibilities to learn 
[8], e.g., from experiences. The second wave type is based on subjective and socially 
constructed experiences; from this perspective knowledge evolves when people, for 
example jointly solve problems. This approach has also been categorized as 
‘lightweight’ [9], due to the low effort to maintain the contents and to find compatible 
software. This approach is not intended to replace the traditional knowledge manage-
ment platforms, rather the aim is to complement with more social and tacit dimen-
sions to deal with problems related to product development [9-10]. 

The differences between the first and the second wave of knowledge management 
have been highlighted by Huysman and de Wit [11] see Table 1. 

Table 1. Differences in approaches (adapted from Huysman and de Wit [11]) 

 1st wave approach 2nd wave approach 
Why is knowledge 
shared? 

Managerial purposes Daily work 

When is knowledge 
shared? 

When there is an opportunity 
to do so 

When there is a need to do 
so 

Where is knowledge 
shared? 

Operational level Organization-wide 

Whose knowledge is 
managed? 

Individual: Human Capital Collective: Social Capital 

What knowledge is 
shared? 

Codified Tacit and codified 

How is knowledge 
shared? 

Repository systems and elec-
tronic networks 

Via personal and electronic 
networks 

 
Referring to the description in Table 1 above, the first wave of knowledge man-

agement is more related to explicit (codified) knowledge, and therefore suitable for 
known situations. While the second wave of knowledge management prescribes a 
more social approach, with which PSS aligns. PSS requires a wider approach and 
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involvement of more actors in the development stages, e.g., an interdisciplinary ap-
proach to address complex sustainability issues [12].  

How to conduct a knowledge transfer and a experience sharing process differs, 
thus it is important to be aware of such differences. By definition knowledge transfer 
has been explained as a process which; “…occurs when experience in one unit of an 
organization affects another unit” [10] and thereby completes a task.  

Knowledge transfer is applicable when communicating especially codified know-
ledge and facts. Knowledge transfer does not need to involve interaction between 
employees to execute a transfer; rather management systems are well suited to sup-
port this. However, when an engineer gets a new position the experiences possessed 
by that employee will disappear with the person, and become useful to that new divi-
sion instead. Another situation could be when engineers use a computer-based tool for 
simulations, these results will have an effect on several parts of the design work not 
only the task at hand. In such a situation, a receiver of the simulation results might not 
be able to explain what has happened in the previous step, but can still understand 
how to use that information based on own experiences. If so, it is possible to argue 
that information or explicit knowledge is transferred, but not experiences or tacit 
knowledge.  

Knowledge sharing or expertise sharing has been described as the act of making 
experiences available to others within the organization [13]; by this, knowledge shar-
ing is more or less based on an interchange of lessons learned between humans. If so, 
any support requires to aid and ease interaction, dialogue, participation and collabora-
tive work.  

Experiences can be described as a certain category of knowledge that often relates 
to the complexity in relationships and networks of large global product development 
enterprises. Experience is defined as; “…valuable, stored, specific knowledge that 
was acquired by an agent in a previous problem solving situation” [14]. Therefore, 
one can argue that experience implies some useful lessons learned from solving prob-
lems, which is embedded in the person’s know how and know why [15].  

As argued, incorporating experiences into the organizational knowledge base needs 
approaches and methods different from managing information and explicit know-
ledge. Such instruments do not readily exist. In this paper, the white book approach is 
in focus. 

4 White Book 

Documents to capture knowledge used in e.g., the field of business to business, are 
known as white paper or white book, but originates from the area of government. The 
European Union state that; “White papers are documents containing proposals for 
Community action in a specific area… When a white paper is favourably received by 
the Council, it can lead to an action programme for the Union in the area concerned” 
[16]. Yet, a practical and industrial definition is used in the case company for this 
paper. The term white book is defined on the company’s internal wiki-page for  
abbreviations and terminology as;  “A ‘white book’ is a summary of positive and 
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negative experiences, as well as recommended actions from team members in the 
entire project”. The target group for a white book is members of future projects, or-
dering department, steering committees, process owners or other concerned. The idea 
with white books is to give the receiver a chance to learn from mistakes as well as 
successes of others, to improve development work and run ‘better’ managed projects. 

The white book approach is well established and used in all projects as a delivera-
ble at the end of the project time. The respondents stressed that the white book should 
not be mixed up with a project report, which has the purpose to account for facts 
about final concepts, specifications, economical aspects etc. The objective of a white 
book is to prescribe changes, not only on the product but also on processes, manage-
ment, customer relations and internal teamwork. Basically, to share positive and nega-
tive experiences from daily work. The layout of a white book is a digital document 
consisting of a template, thus the respondents have highlighted pros and cons with it. 
For example, in some cases the format might be too rigid, and consequently con-
strains the author’s possibilities to fill it in. The template guide authors to document 
different project activities and management aspects by proposing titles and subtitles, 
and this is found as a benefit since it provides consistency across projects. Also, the 
white book template propose that the project should be assessed by an outside party. 

4.1 How a White Book Is Used 

A typical project in the company could be described as often global and long lasting. 
In Figure 1, an overview of a project is exemplified. The left column named resources 
shows that 37 persons are directly involved in the project and assigned to activities. 
From an analysis of contacts to these 37 persons, it has been found that many more 
people are involved on the basis of specific tasks. These contacts are relying on a 
person-to-person connection and are not exemplified in Figure 1. 

In a typical project, specific technologies, knowledge and skills are needed to con-
duct the necessary activities. Over the four years, 2007-2011, only one person has 
been involved throughout the whole project time, in this case it was not the project 
leader.  

Commonly, a project leader participates the whole project time, but due to allocat-
ing available resources on an as needed basis, people come in and go out of projects. 
Thus, people work part time in this project and part time in other projects. Typically, 
each engineer is involved in more than 3 projects simultaneously. Consequently, 
transferring and sharing knowledge is of utmost concern. Overlapping activities and 
meetings are used to support experiences and knowledge to be shared. However, a 
grand challenge in global projects is to assess whether or not the transfer has been 
successful. Respondents have expressed that there are dimensions of ‘lost in transla-
tion’, particularly in written text. The respondents—which can be interpreted as being 
experienced project members—have expressed that in particular the state-of-practice 
is not straightforwardly transferred or shared. For example, understanding the back-
ground for a certain aspect of a problem can originate from previous projects long 
time ago. Getting access to such experiences is hard if the employee is occupied in a 
new project or even worse if an employee is retired or has a new employment. 
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Fig. 1. The involvement of project members over time 

Based on the longitudinal data acquired in this study, it can be seen that the indi-
viduals’ perception of the objective with white books differs; this can in particular be 
seen in comparison between different departments and sites in the organization. For 
example, what is a positive and a negative experience and what kind of recommenda-
tions a project member prescribes depend on the persons pre-knowledge and domain 
of expertise. Thus, the text in the white book is inconsistently interpreted, and subse-
quently what the author intended and what the reader interpret does not correspond to 
the experiences searching for. Also, the situation where the author of the white book 
is also the receiver of the white book can occur, due to people coming in and out of 
different projects. 

A key point in white books is that the experiences should describe the learning 
process for gaining them, yet this is hard to express. Some respondents stress that 
experiences relate to hunches, intuition, muscle memory and so forth. The situation 
where experiences are communicated by referring to a previous project in the words, 
but not stating, for example that projects impact on the development processes, is by 
the respondents identified as decreasing the possibilities for sharing.  

When interviewing, i.e., listening to the respondents’ descriptions, a more in-depth 
view of experiences can be found. Such “stories” reveal a more detailed and reflective 
view on experiences than what can be found in the white books. For example, one 
respondent described a positive experience from a supplier business partnership, in 
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particular the approach of how the work had been broken down into separate units 
and how the units had been assigned to the company and to the supplier respectively 
was clearly expressed as a successful approach. The respondent could explain the 
reasons for doing so, and what kind of effects it had to the project as a whole. Follow-
ing up the interview by reading the relevant white book, it could be seen that this was 
not mentioned. A possible interpretation of the discrepancy can be that the story told 
might be too long to capture under a subtitle, and especially in written text. Further, 
the respondent mentioned a top-one experience in the interview, but this experience 
was mentioned either in the white book. A possible interpretation of this is that some 
experiences needs to be digested before being perceived as a lesson learned.  

It is suggested that white books should be used continuously during projects, but 
this is not done in general. Besides time pressure and project deadlines, a possible 
interpretation could be that reflecting over lessons learned in written text is a process 
that does not fit into the daily routines. A recommendation for the contents in white 
books is to clarify how decisions have been made; however micro-decision points are 
abundant in product development activities and embedded in routines. Further, how a 
team makes decisions differs from the common approach in another team, and this 
could relate to how domain specific knowledge has to be managed. To aid under-
standing there is a need to describe the context for the decisions, and this is yet anoth-
er hard to do task on the basis of a white book template and format.  

Respondents have also described that fairly old solutions can be of interest for a 
new project, if so the technology as such is not in focus, since it is outdated, but how 
problems were solved and what kind of concepts that was turned down, maybe due to 
immature technology at that time, is of utmost interest. However, getting access to, 
first, old documents is found tricky, and second information about the process and 
decisions are often lacking. 

Respondents have explained that it is hard to address a certain reader when author-
ing a white book, in parallel it also become hard to fulfill the task of describing expe-
riences. By this, the reflection on the experiences and lessons learned does not have a 
clear context or clear boundaries. Thus, the respondents describe that they, from time 
to time, have the feeling of just conducting a task when authoring white books. Final-
ly, the respondents have expressed that they as readers of previous white books find 
the disconnection from the final project report as troublesome. The experiences and 
lessons learned needs to be put into the context of the specific conditions of a project 
and into the nature of the development task. 

The respondents were in the interviews asked to rank their personal view in rela-
tion to the guidance of each title and subtitle in the white book template, the constrain 
was to rank them in relation their usefulness of different phases of project, start up, 
duration, ending and transition to another project. It was indicated that the white 
books were more useful when being an experienced project member, due to being 
more informed about previous projects and who the project leader had been. And, that 
the white books were used to check up issues occasionally, rather than continuously. 
This finding is supported after investigating 25 white books, 24 of them state that no 
white book was available to review before project start, and 1 of them provided 
slightly more text. However, the texts did not provide any further information that 
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was found useful. In relation to this, the respondents stressed the difficulties to find 
the appropriate white book and also that the often insufficient text was usually not 
providing enough depth for practical actions.  

4.2 Delimitations of a White Book Approach 

Experience based knowledge falls into the category of tacit knowledge and in line 
with the characteristics for that category the knowing is not simply recognized, ex-
pressed and thus not easily formalized. The debate about how to define knowledge 
could be seen as an academic issue, for practical reasons companies commonly does 
not argue about what it is and what it is not. However, there is a difference in how 
companies apply information systems and knowledge systems, and subsequently they 
distinguish information management from knowledge management. When focusing 
the knowledge management domain, the two waves, the first one aiming for control 
and monitoring, and the second aiming for the sharing and creation of new know-
ledge, can be used to exemplify how experiences can be made more visible to the 
organization. Also, the difference between a “transfer” approach and a “sharing” ap-
proach could be to a certain extent clarified. 

Experiences should; “enabling individuals to gain actionable understanding” [17]. 
Turban and Aronson [18] also give a practical explanation of knowledge particular in 
relation to computer-supported decision systems, they state “knowledge is informa-
tion in action”. Systems like KBE, CAD, PDM and PLM fulfill one part of  
knowledge management in industry, but as seen in the efforts to author white books 
experiences and lessons learned are of utmost interest. The KBE, CAD and PLM 
systems focus on providing support for product related knowledge, and PDM is a tool 
to support the project organization and coordination. The main focus of the white 
book approach is to identify, capture and disseminate experiences that cannot be for-
malized and thereby does not fit into existing computer systems. The number one 
purpose of white books is to, as stated in description provided of the case company, to 
summarize positive and negative experiences, and recommended actions from the 
whole project time. For this, continuous work with the white book in parallel with 
daily activities is needed. It has been found that such an approach is not feasible, and 
it can be discussed whether or not the format and the layout of the template might 
instill barriers for experience sharing and knowledge transfer between projects. 

Also, the study have found that white books does not sufficiently support the start 
up stage of a new project, hence it can be argued that the white book approach in its 
current state is not appropriate for knowledge transfer between projects. Also, for this 
issue, the format and layout could hinder the necessary communication in the transi-
tion stage between projects. This is also recognized by the company, which has  
implemented a transition approach, where “mentor/apprentice” by one project team to 
another and face-to-face meetings are included. Such an approach is more efficient 
and affordable in co-located projects, but quickly becomes a high-cost approach in 
global teams. 

The white book template encouraged the projects to get a second opinion from an 
objective actor, i.e., a person not directly involved in the project. This has been found 
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as more or less an open innovation approach [19], because external partners provide 
input. Such an approach could be supposed not being particularly common in manu-
facturing industry due to more focus on intellectual properties. This part is found as 
not having a direct effect on the project work, but provide a channel for sharing  
experiences. 

Table 2 provides a list of possible requirements for how experience sharing could 
be supported. The objectives and requirements are based on theory and the discussion 
of the empirical data in this study. 

Table 2. Proposal of a requirement list for experience sharing support 

Objective Requirement 
Sharing personal reflections of 
daily work at an individual level 
in projects. 

Supporting a personal view by using “I” for-
mat.  
 

Comparing expected outcome of 
an action and actual outcome.  

Assisting simple use before project starts and 
support reflection at project end.  

Concentrating reflections on 
project level. 

Preventing a focus on organizational level. 

Sharing reflections on an as-
needed basis. 

Assisting swift and seamless use and documen-
tation. 

Supporting reflections on project 
at hand. 

Directing focus on actual project. 

Documenting personal expe-
riences from teamwork in line 
with project process.  

Supporting interpersonal and direct communi-
cation. 
 

Expressing more dimensions of 
communication than solely writ-
ten text. 

Enabling use of natural language and visualiza-
tions. 

Making individual experiences 
organizational accessible. 

Providing possibilities to formalize collabora-
tive learning in real time.  

Making individual learning an 
organizational asset. 

Disseminating individual lessons learned in an 
organizationally aligned format.  

Clarifying lessons learned le-
vels.  

Differentiating reflections in relation to organi-
zational areas of interest, e.g., product, process, 
business strategy, partnerships. 

Providing point of view and 
framework of pre-knowledge.  

Clarifying interpretation codes and expertise 
areas. 

Enabling proposals to future 
projects. 

Visualizing the connection between expertise 
areas, project know-how and qualified propos-
als. 

Assessing what is an experience 
and what kind of lessons that has 
been learnt.  

Relating reflection to context, behavior and 
consequences. 

Facilitating reflection in prac-
tice.  

Supporting individuals’ explorative skills.  
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5 Concluding Remarks and Implications for PSS 

This paper discusses the white book approach and its delimitations for transferring 
experiences between different projects in early product development. To address the 
purpose of the paper a white book approach has been an interest. Interviews with 
white book authors and an analysis of 25 white books has been the empirical base. It 
has been discussed that the written format could delimit, or rather become a barrier, in 
the transfer and sharing of experiences between project teams. Also, templates provid-
ing guidelines for how to author white books have been discussed. It has been found 
that guidelines provide consistency, but also hinders individual differences when in-
terpreting the contents. 

In the case of extending business relationships to incorporate PSS development, 
collaboration across company boundaries is stated to be a key factor for successful 
products. Also, the necessity to incorporate the service expertise domain into early 
development stages is an established perspective of PSS development. One manageri-
al implication for PSS development is that the knowledge transfer and experience 
sharing seem to become even more important, yet, as far as we know, a delimited 
effort is done to support these softer and more social aspects to support start up of 
PSS projects. Another managerial implication is the high degree of experience based 
knowledge in service development and provision, and that knowledge based systems 
in engineering design are not readily implemented on such type of knowledge. There 
are efforts done to take into account the more explicit parts of service related know-
ledge to support control and monitoring, i.e., based on a first wave approach to know-
ledge management. Still, similar efforts, for instance drawing from the benefits of 
rules of thumbs, could become a breakthrough for the realization of truly result-
oriented PSS solutions.  
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ABSTRACT 
Knowledge transfer is hard to manage in technical projects due to the fact that a lion part of the 
knowledge is based on experiences gained in daily work. The lessons learned depend on the 
individuals’ distinct perceptions of their experiences. This provides learning, but complicates sharing 
and the build up of an organizational knowledge base. One effort to capture and disseminate 
experiences is a white book approach. Simply, white books consists of written text stored in 
documents, which is used to both reflect upon a previous project and to learn for a new one. The 
purpose for this paper is to find out how experiences are perceived and formalized in technical 
projects. Two types of empirical data provide the basis, namely text analysis of white books and 
interviews with engineers. The result shows that there is an evident difference between what engineers 
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1 INTRODUCTION 
Addressing the topic of knowledge transfer and sharing is important to firms, not to say all 
organizations. If the knowledge that is created in the daily practices is not managed to benefit the 
whole organization, any development project risks to repeat earlier mistakes and any innovation 
project will only reinvent the wheel. “Those who cannot remember the past are condemned to repeat 
it” (Garvin, 1993). 
Simply, knowledge management is of utmost concern, since product development companies rely on 
building up and use relevant knowledge. Manufacturing company’s processes for product development 
could be seen as the “… process of gradually building up a body of information until it eventually 
provides a complete formula for manufacturing a new product” (Smith and Reinertsen, 1998, p. 158). 
Hence, building up a knowledge base is crucial for all kind of product development work. There are 
various kinds of knowledge defined in existing literature, two dimensions of knowledge creation have 
gained particularly attention; tacit and explicit knowledge. They are outlined as two separate entities, 
however they should be seen as complementary (Nonaka, 1994; Polanyi, 1966). Briefly, tacit 
knowledge could be described as hard to express since it is context dependent, e.g. locally produced 
and related to culture and behavior, while explicit knowledge could be described as the opposite, e.g. 
commonly known and related to information and facts.  
All knowledge is not accumulated at a company level; a main portion is generated at an individual or 
team level. However, to make the most out of the collective knowledge assets firm needs to 
incorporate new and additional knowledge from all types of sources. Tacit knowledge is a key factor in 
leveraging the experience based knowledge in product development, but tends to be perceived as an 
informal type of skill. It is mostly seen as a highly personal asset, even though it serves as a basis for 
the progress of explicit knowledge (Jasimuddin et al., 2005; Smith, 2001; Quinn et al., 1996). 
Generally, product development processes are divided into stages or phases. Very simplified, the 
process commonly starts with an identification of a market or a development opportunity, followed by 
a conceptual design stage where the forthcoming product specification is settled. After this the 
production and product launch can be executed (Ulrich and Eppinger, 2008). In practice, the 
conceptual design stage could be described as consisting of Research and Development work, where 
advanced engineering project creates, evaluates and test new technological ideas and concepts, and 
new product development projects deals with detail design and lay down the plans for production. This 
means that advanced engineering projects and new development projects are dependent on an effective 
knowledge transfer between the projects. Yet, knowledge is built up at different organizational levels, 
i.e. learning occurs in different contexts, and this makes sharing of experiences into a complex matter 
(Levitt and March, 1988). Further, there are multifaceted structures defined for transfer of knowledge, 
i.e. an internal, an external structure and individual competence (Sveiby, 2001). The external structure 
responds most to the relation between customers, suppliers and to the reputation of companies. This 
mainly involves how to solve a costumer related problem. The internal structure relates to e.g. patents, 
concept models and development of the context. The contents in the internal structure are “owned” by 
the firm. If an employee leaves the organization some of the knowledge assets will remain in the 
structure of the organization, but knowledge will partly disappear with the leaving person. The 
structure, individual competence, is highly dependent on the lessons done by the individual employees. 
Texts in documents, such as for example white books or lessons learned systems, are used to capture, 
formalize, store and disseminate knowledge. Based on the description that tacit knowledge is hard to 
express, it can be argued that a lion part of such texts are explicit knowledge. The text are often stored 
in databases to make the knowledge organizational accessible. However, the difficulties to find the 
relevant documents have been identified, for example to find specific parts in the documents it is 
necessary to know some critical pre-knowledge about what terms that has been used to tag the 
documents, name of the project or the names of the project members (Nergård, 2009). As much as 80 
% of an organization’s knowledge base is stored in people’s heads (Bell, 2006), this indicates two 
issues. First, despite being a significant part, such knowledge is not readily available for the whole 
organization. Second, capturing and formalization of such knowledge is not straightforwardly done. A 
reason for the problematical situation is that the main part of the knowledge is generated in practice, 
i.e. in the individual’s execution of his or her daily business (Bell, 2006). Thereby, better described as 
experiences or “know-how” than by using the overall term knowledge. 
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A white book, i.e. a report written by a project leader, is one approach that is used in manufacturing 
firms to capture, store and disseminate project related knowledge. The intention is to support other 
project’s startup and learning when understanding a new design task, solving problems or making 
decisions. However, it could be discussed that the text in a white book depends upon the person’s (the 
author’s) perspective, pre-knowledge and context for the experience, thus might not provide an 
optimal approach for the tacit dimensions of knowledge transfer. Technical reports are provided to 
capture product related information and explicit knowledge. The white books are intended to focus 
more on organizational, project, teamwork and other perspectives of engineering work. One part of the 
white books especially focuses on the experiences that the team has gained in the execution of the 
project work, hence should be transferred from one project to another.  
The study in this paper has the particular purpose to find out how experiences are perceived and 
formalized in technical projects, and on the basis of the findings assess white books’ function as means 
for sharing expertise. This is done to contribute to a more comprehensive knowledge transfer between 
different types of industrial and technical projects. 

2 METODOLOGY 
The study presented in this paper is based on an empirical study from manufacturing industry in a 
research project focusing on knowledge transfer in technical product development. A particular 
interest is on how experiences are captured, formalized and reused between an advanced engineering 
project, in short AE and new product development project, in short NPD. Simplified, the AE project 
could be described as having an innovation focus and also the project that generates new knowledge 
and builds new experiences, while the NPD project could be described, as an industrialization project 
thus needs to reuse and execute the new knowledge in a production process. Hence, for this study NPD 
is viewed as a receiver of the knowledge transfer activities. However, it should be stressed that in 
subsequent activities, the NPD project is generating new knowledge and new experiences, which in 
turn should be, transferred to product development projects. 
Since the case company use white books to capture, formalize and reuse project related knowledge, 25 
white books (each of them consists of 7-12 pages) have been analyzed for this study. The white books 
were provided by the case company, and as such relates to different technical projects. It should be 
noted that white books contain core company knowledge assets, and are commonly classified. Thus, 
data in this study are kept general and both company and respondents are kept anonymous as far as 
possible. 
Moreover, semi-structured interviews have been conducted. Semi-structured means that the 
respondents could formulate their answers freely in relation to the topic and the researcher can pose 
follow up questions to, in-depth, probe the answers. The company has assisted to find a case project to 
follow, as well as provided access to respondents that are related to a knowledge transfer process 
between projects. Questions in the interviews were focusing on the topics; (1) knowledge and 
knowledge transfer, (2) experiences and (3) pros and cons with the white book approach. Intentionally, 
experiences were not defined, but were only stated as a topic to talk about. This approach provided the 
respondents the possibility to clarify and define their perspective of the term in relation to how they 
use it when authoring or reading white books. A semi-structured type of interview was chosen because 
it can provide a great breadth of data given its qualitative nature (Fontana and Frey, 2000). 
In total, seven employees from four technical projects have been interviewed. Employees from both 
AE projects, in this case the transferring side, and from NPD projects, in this case the receiving side, 
have been interviewed. By this, both authors of white books and readers of white books have been 
interviewed. In relation to the interviews, the respondents were asked to rank the headlines in the white 
book template according to their usefulness. All interviews were recorded, transcribed and transferred 
into a document for further analysis. The excerpts presented in this paper provide examples for typical 
expressions. This implies that the different respondents views are not compared to each other, but used 
to provide a general description. 
The transcribed interviews and relevant text from the white books were analyzed with software 
(NVivo) for analyzing qualitative research (QSR International, 2012). The software offers a text search 
queries, which made it possible to search for a word or sequence of words and analyze in what context 
the words appears. By this, it provided a pointer for the representation of those situations in which the 
term experiences were used. This analysis served as a base for establishing the sixteen themes in which 
documents, white books and interview material were analyzed. Using these themes in the text analysis 
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identified excerpts from the interviews. The coding was done manually after a first semi-automatically 
coding process, which guided the interest to relevant parts of the different documents. To exemplify, a 
phrase in an interview correspond to a category of definition for experiences, and also got related to an 
example of positive or negative experience from white books. This means that a phrase was coded to 
two themes, i.e. definition of experience and positive/negative experience. The analysis consisted of 
624 coding reference points, which were summarized based on their relation to the themes. This 
analysis provided a general outlook of the data. 
In addition, automatically constructed word frequency query have been used to find relevance and 
weighting in words that were used in the data, this step was represented as word clouds (Viégas and 
Wattenberg, 2008), see Figure 1 for example. 

 
Figure 1. Example of a word cloud from this study 

The kind of word cloud shown in Figure 1, have also functioned as material in a workshop, discussing 
the findings with company representatives in order to validate and highlight the outcome from such 
study. 
Longitudinal empirical data from following actions taken in the AE project for over 2 years is used as 
background for this study. Company visits, project meetings and workshops have been attended. 
Shadowing of employees and following them when doing ordinary tasks, has been used to gain 
insights into daily knowledge sharing activities. Regular check-ins on project portals also contributed 
to a general view of the work. 

3 KNOWLEDGE AND EXPERIENCES 
The division of knowledge into an explicit and a tacit dimension is a prevailing view (e.g. Nonaka, 
1991; Nonaka et al., 2000; Holste and Fields, 2010). In parallel with the explicit and tacit dimensions, 
knowledge can also be seen as theoretical, e.g. erudition, or as practical, e.g. skills. Polanyi (1966, p.8) 
states that; “Skill combines elementary muscular acts which are not identifiable, according to 
relations that we cannot define”. By this, skill is to act according to rules, which depends on feedback 
from a non-social setting. For instance, the skill to chop wood, the actor is able to evaluate whether the 
action was successfully performed or not.   
Experiential knowledge assets consist of shared tacit knowledge, which built on hands-on experiences 
(Nonaka et al., 2000). This knowledge asset is shared between members of an organization, but also 
with its customers, suppliers and other partner firms. Skills and know-how are examples of such 
knowledge accumulated by individuals from e.g., experiences at work. Moreover, such knowledge 
asset includes emotions, love and trust or other physical dimension of knowledge such as expressions 
and gestures. Its tacit nature makes it specific to the organization in which it has emerged, therefore 
experiential knowledge are difficult to fully grasp and formalize, hence companies have to build their 
own knowledge base including the development of their own experiences. 
Also, the concept “know-what” relates to the theoretical part of knowledge, and also to facts and more 
explicit knowledge. While the concept “know-how” relates to the practical part of knowledge, and also 



 

5 
 

to, e.g. muscular memory and tacit knowledge. A common view is that experiences often refer to 
practical knowledge in a specific context (Ipe, 2003).  
In plain language, knowledge is often expressed as “knowing” or “doing”, and in the same vein this 
also describes a difference between two types of knowledge. These two types are intertwined because 
individuals apply their pre-existing knowledge as a coding key for building new knowledge when 
doing something new, i.e. the reflective processes of problem solving (Schön, 1983). Polyani (1961, 
p.476) states; “Knowledge is an activity which would be better described as a process of knowing”, by 
this the argument also emphasizes the importance of learning. In turn, learning is a process in which 
experiences are applied to build new knowledge (Fong, 2008).  
Experiences arise in interactions between individuals, and for example situations, conditions, context 
and a task at hand; often this process includes some kind of product (Yoo, 2008). One absolute and 
commonly agreed definition of experiences seems out of reach, and it could be argued that this is 
because of its relation to the concept of knowledge. However, to provide a shared vision for practical 
use experiences could be described as “…valuable, stored, specific knowledge that was acquired by an 
agent in a previous problem solving situation” (Bergmann, 2002, p.28).  
Simply, experiences are set into action in organizational decision-making, and are, over time, 
transformed into rules and routines. Therefore, organizational learning at all levels of the company is 
important (Levitt and March, 1988). One approach to capture experiences is white papers or white 
books. 

3.1 White paper and white book 
The white paper approach originates from the government domain, and is explained as; “White papers 
are documents containing proposals for Community action in a specific area… When a white paper is 
favourably received by the Council, it can lead to an action programme for the Union in the area 
concerned” (European Union, 2012). The white paper approach is commonly used in business-to-
business marketing to help decision-making, where the white paper can inform or influence customers’ 
or employees’ decisions (Stelzner, 2006). A high-level white paper definition includes the idea that it 
is a persuasive document, which describes problems and how to solve them. It is suggested that such 
white papers should be written in an objective, educational approach and in a format somewhere 
between a magazine article and a brochure. A more detail definition of white papers states that it is has 
a technical or a business benefit focus. It introduces a challenge and provides the arguments for a 
certain way to solve the problem. However, white papers can also introduce new concepts or describe 
how to perform technical assignments. White papers are categorized in four types (Stelzner, 2006, 
p.4):  

1. Technical – targets engineers, describes processes and procedures in detail.  
2. Business benefits – targets decision-makers in management positions, describes advantages and 

competitive leads.  
3. Hybrid technical/business benefits – targets both influencers and decision makers, includes 

description of technical processes and are used in sales situations.  
4. Government – discusses implications of policy decisions, targets a very narrow audience.  

In addition, Stelzner (2006) states that the grace of white papers are found in the details, but provide 
also a high-level ten-step view for how to write white papers:  

1. Clarify the topic  
2. Identify your ideal reader with precision 
3. Decide on an objective  
4. Develop an outline 
5. Interview the experts 
6. Conduct research 
7. Write the first page first 
8. Write the title 
9. Write the core 
10. Hire an editor 

Some business-to-business companies in manufacturing industry have adapted the white paper 
approach, or use the term white books. Yet, such white books are, in opposite to the marketing 
approach to white papers, considered to contain intellectual properties of the company. 
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4 WHITE BOOKS AS CARRIERS OF EXPERIENCES 
White books are in the case company intended to carry lessons learned and experiences gained from 
the product development processes. White books are in an internal document explained as a medium to 
deliver “relevant lessons to the organization and to roles involved in the project”. Further, the 
employees are encouraged to: “’turn every stone’ to find root causes in gaps related to the project”. 
The white books also contain descriptions of positive and negative experiences, as well as 
recommended actions to improve forthcoming project work. Such experiences and lessons learned 
should encompass, not only product and service related issues, but also aspects related to the internal 
and external work routines. This is to support effective learning from successes, but also from 
mistakes. The target audience for white books is mentioned to be the members of future projects, 
ordering functions or departments, steering committees, process owners or other concerned. A white 
book template has been developed by the company to aid authoring and to provide for a structured 
knowledge transfer process. The template consists of a number of headlines and sub-categories that to 
some extent guide the authors and direct their efforts into relevant areas. Also, one section guides the 
white book authors to provide a bulleted list of experiences made in the project. The template is hence 
intentionally designed in a fairly simple way, and the informants see pro and cons with the layout of 
the template. However, as one informant expressed: “it is more important to make sure that 
individuals have time to practice white book reporting and improving those skills, rather than to 
control their learning with a template that makes people feel stupid and not creative.” 
Project managers are responsible for obtaining and formalizing the experiences that all project 
members have done, thus also responsible for authoring white books. As the informants also 
mentioned, how they interpret the situation has an impact on the content in the white books. From the 
analysis of the white books, it quickly became obvious that text is often reused from previous white 
books from similar projects, i.e. a cut and paste approach. In a follow-up interview, one informant 
explained the approach: “I don't start from scratch, I'll take an old one, and I use it as a base.” On one 
side, the cut and paste approach “makes life a lot easier” and save time for the project managers. On 
the other side, it could be argued that the reused text will over time build up tacit dimensions, i.e. new 
experiences, and thus have another meaning for an experiences manager than for a novice one. To 
exemplify, the expression “good collaboration” will not contain the same dimensions if used a second 
and a third time, because you build up new experiences in collaboration for each time you practice it. 
Further, the repeated sequences in the white books where not linked to each other, hence did not show 
any progress of experiences. The template including the bulleted list provides a structure for the 
authors of the white books, and also a guiding “framework” for interpretation for the readers. The 
bulleted list provides easy overview. But, basically, the work procedures, e.g. high tempo, lead-times 
or other project resources, makes it plausible that white book authors ‘work the template’ and get 
things done rather than focus on reflecting, learning and sharing experiences. 

4.1 Different views on experiences 
The informants were requested to provide their perception and definition of experiences. For one 
informant the question was found hard to understand, rendering in a request to explain what kind of 
experience that we asked for. This could be an indication of how hard it is to reflect and express 
experiences, because the question was straightforward, i.e. how do you define an experience? When 
talking about how to gain experiences, the informants stressed that they do not come from reading a 
book, but rather assimilated from known situations or performed actions. As expected, distinct 
informants described the experiences differently. However, some characteristics of experiences could 
to some extent be viewed as a common view, however those were related to how experiences are 
gained, i.e. in daily work, rather than what it is. Other characteristics of experiences as an issue were, 
for example, facts, information, feelings, lessons learned, encountered eye-openers, procedures, and 
muscular memory.  
One informant explained experiences as something you have been working with for a while, the more 
time and intense spent on an issue, the greater the experiences will be. Such description of experience 
does not say anything of the know-how or skills of doing something. Drawn to its extreme, it is 
possible to argue that an individual is not necessarily successful in accomplishing a task just because 
s/he is experienced in terms of having dealt with the issue for a long time or with great passion.  
The perceptions of experiences from the informants are displayed in Table 1. From the analysis of the 
excerpts it can be seen that one informant relate experiences to explicit knowledge (facts, information, 
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i.e. more tangible aspects). Yet, also explain that such explicit knowledge is subjective, i.e. depend on 
the individual’s preferences, and if so, contains tacit dimensions. In general, the descriptions relate to 
tacit knowledge, i.e. not easily expressed and depending on a context. Thus, descriptions are given in 
the context of the learning process in daily work. 

Table 1. Perceptions of experiences 

“Facts and information and how you share it… I think it would be quite subjective.” 
“Something you have learned, maybe from doing something.” 

"An experienced person is one that have been working on something for a period of time, the longer 
and the more intensely you have been working with it, the more comprehensive experiences you have. 

But it does not necessarily mean that you are good at something." 
“What we learnt as a team.” 

“An experiences could be feelings, an eye-opener, procedures or muscular memory, or something you 
have learnt in your education.  

“Something that one has learned throughout previous work, for example if you have been involved in 
a specific situation and learned from that, not what you have studied in school.” 

”Experiences are not gained from reading a book, rather assimilated from a known situation or 
performed actions.” 

4.2 A comparison of what is said and what is written in white books 
The analysis of white books and the analysis of the interviews have showed a clear distinction in what 
is said and what is written. Tables below (2-5) exemplify the gap between the experiences that has 
been gained in the project work and the experiences that are transferred in the white books’ texts. The 
excerpts are provided as examples of a distinct context, which are not directly related to the technical 
problem solving practice. The contexts are team collaboration (Table 2), activities related to project 
cost (Table 3), issues related to project hand-over (Table 4) and from payment issues (Table 5). 

Table 2. Experiences from team collaboration 

Example 
of an 

experience  

“The team collaboration, I would have to say the global network. Cause most of the 
projects we are running were global. That is definitely a positive experience, the project 
run pretty efficient, considering the distance and the communication methods. Another 
positive experience was that we got to know more about what people where doing in 

other parts of the organization as well. Areas that I may not have been exposed to in the 
past… I actually liked the diversity within the global team; otherwise I always focus on 
things I am used to. So, you know team collaboration helps you to not over look things.” 

Experience 
from white 

book 

“Good teamwork between X-site and Y-site personnel.” 

Table 3. Experiences from activities related to project cost 

Example 
of an 

experience 

“The product cost rushed during the project. It depended on a number of things. It is 
possible that we did not follow the costs well enough during development. We could not 
assess the reliability of the offers that the provider/supplier gave us. We had conflicting 
views on an earlier offer and the cost increased because of that. This made it difficult to 
keep track of product costs during the project, which complicated the work internally as 

well.” 
Experience 
from white 

book 

“Increase in product cost during the project.” 

5 CONCLUDING REMARKS 
Starting from the purpose to find out how experiences are perceived and formalized in technical 
projects, this paper provide information from text analysis of white books and interviews with both 
authors and receivers of those white books. White books are used in firms with the intention to support 
other project’s startup and increase the engineers’ understanding for a new design task, problem 
solving or decision-making. In the company’s guiding template for white books it is stressed that the 
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focus should be more on organizational, project, teamwork and other more social perspectives of 
engineering work. This study has especially focused on the experiences that the team has gained in the 
execution of the project work and thereby highlighted as project experiences in the relevant white 
books. Initially, the study set up the assumption that experiences depend upon the individual’s 
perspective, pre-knowledge and in what context the experiences have been obtained.  

Table 4. Experiences related to project hand-over 

Example 
of an 

experience 

“The split between AE and NPD not always felt natural and satisfactory, after all it is 
one technology that we will develop over time, it is just in respect to processes we have a 
break and differentiate the work. However for all of us that are involved it is a constant 

flow of activities. There are questions popping up later in the NPD-project that relates to 
the work done in the AE phases and vice versa. For instance lessons learnt from 
collaboration with suppliers and investments that relates to subsequent steps in a 

industrialization-project, which is crucial to consider in all part of the development in 
order to bring a product to the market as quickly as possible. In early technology 
development there is not the same demand on the quality of specifications to the 

suppliers as in NPD. I would claim that, considering strict knowledge transfer we try to 
document as much as possible in the final report, however the personnel involved are the 
most crucial knowledge carriers. It is challenging to find and get the full attention from 
those individuals that are not longer involved in a project, but still possess important 

knowledge related to the work. If they continue to work with a certain task they 
continuously share new insights with other members of the team. The typical, and to 

some extent abrupt, change in team setup in the project hand-over is hard to managed. 
However we experienced a positive effect with the overlap of personnel in the transition 

this time.” 
Experience 
from white 

book 

“The transfer to the new project has been more or less seamless due to an overlap of 
personnel (project leadership and deeply involved development engineers) in the 

development phases.” 

Table 5. Experiences from payment issues 

Example 
of an 

experience 

“We had issues in the project where, we had to actually hold the last gate because our 
policy allows us to pay suppliers within 90 days. So we found that we had to hold the 

project so that we could pay the external contractor, uhm, so we where asking, we 
mentioned that, that was a big issue for us. We hadn't control over this so we asked if 

our project could be allowed to register the payment when it’s approved instead of when 
it is paid out. Uhm, this was presented to steering committee, yet nobody took any action 

on it, but this is something that needs to be managed. Though, everything is project 
specific.” 

Experience 
from white 

book 

“Long payment terms with suppliers/consultants required the project to hold the End 
Gate in late May in order to pay the supplier.  We had no control over paying the bill.” 

 
First, the study investigated how the informants defined and explained experiences. Common 
characteristics among the respondents were that experiences are subjective, gained in interaction and 
in doing things. The informants described technical aspects and learning aspects as separate entities. 
Thereby, the difference between formal technical knowledge and experiences can be discerned. 
Second, the comparison of what is written in white books and what is said about experiences gave a 
clear distinction between the two ways of communicating experiences. The differences are exemplified 
in Table 2 – 5 above, and from this a few implications of white books as carriers of experiences can be 
stressed:  
 There are advantages and shortcomings of expressing the experiences in short sentences (e.g. 

Table 2 and 3). For providing quick overview and pointers to critical issues the short sentences are 
helpful, while they do not support gaining new experiences due to the lack of, for instance, context 
description and in-depth analysis of the situation.  

 It seems like the authors of the white books tend to express themselves as objective as possible, 
despite the fact that they have expressed experiences as personal learning and subjective. This 
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behavior, which in our view is “natural” for an engineer, has the implication that it becomes tricky 
to relate the experience to a stage or phase in the project. For example in Table 4 the informant 
make an effort to both describe the stages in the work, cf. product development process, and what 
happened in each stage when telling the story. But, the written text objectifies the, in reality 
complex, process of transfer of the contents from one project to another.  

 In the interviews the informants started to reflect on a previous situation and from that hindsight 
they suggested actions to be taken to prevent or to make sure that something happens. For 
example, in Table 5, the informant suggests a change in procedure when talking about the 
situation, but in the written text the proposal is left out. Instead, the written text more or less only 
explains that it was not the internal project issues that caused the delay. Overall, suggestions for 
actions where very limited in the white books. 

Finally, the template for authoring the white books provide structure and hence helps both writing and 
reading because all white books will have the same layout. However, the template has been 
investigated, and, for future studies, the potential to improve it based on the findings in this study 
seems like a good effort. For example, the issue of how to integrate continuous reflections into the 
authoring of white books is interesting. Further, the study might benefit from including in-depth 
investigations of how the receiver interprets and translates information from previous white books. 
Also, things that have not been considered in this study need further research. For example, the area 
would benefit from studies based on sociological and/or psychological theory.  
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Some companies have implemented lessons learned systems to, at least, make an effort to capture 
experiences. Such solutions are still not sufficient, for example they do not provide collective creation 
of knowledge [Chirumalla 2013]. And other companies are using text-based documents to capture 
experiences, but expressing tacit knowledge as experience statements is still hard to do. Nevertheless, 
a more extensive knowledge base is vital when solving problems in product development teams. 
Global teams working together in product development projects are nowadays a common approach in 
manufacturing industry. Distributed technology suffered early on from technical issues, these have 
been addressed from many researchers. The distributed tools (videoconferencing, internet connections 
and similar) have become faster, better and more easily accessed via PCs, laptops and so on, but the 
early identified social and cultural problems of experience sharing are still valid. In conclusion, 
experiences and especially the hands-on knowledge type have since long ago been identified as crucial 
in global development teams [Tavčar et al. 2005], and they still are.  
This study explores experience sharing in global development projects based on the above described 
dilemmas related to tacit and explicit knowledge. Also the insight that global teams consists of, not 
only people with different skills, but also of people from different organisational cultures have guided 
the the study. Furthermore, the study apply a model that addresses three types of structures in 
knowledge transfer situations [Sveiby 2001] to distinguish cultural differences in communication 
patterns. 

2. Case and research approach 
The case company has since long ago been active in the same branch of manufacturing industry. The 
company has over time, not only been officially recognised as an innovative company, but has also 
become more and more global in the development activities. Today, they have research and 
development departments as well as manufacturing sites all over the world. The company have made 
an effort to describe and document the cross-cultural aspects that all employees should be aware of, 
thus has acknowledged that culture matters. The company description captures general 
recommendations, but does not specifically address knowledge sharing situations. 
The company structure can be described as project based, that is there exists both vertical and 
hierarchical communication channels and structures. For example, a team can be situated in one 
country and the management for that team can be situated in another country. The ‘conversation 
culture’ adapted by the parent business implies that such a model of culture could be considered as the 
standard for the comparison in this study, while it should be noted that this taken for granted style is 
considered important to discuss in the company. Some features of this standard are the habit of using 
first name and no titles (due to a regulation of the language that was implemented in early 1970’s) and 
the results from long-term efforts to reduce hierarchies within organisations [Carlzon 1989]. 
The study includes data from three national cultures, i.e. different company’s sites, but also from 
participation in distributed meetings between all partners. Data have been obtained from interviews, 
observations and workshops mainly from two project types at the company. The first type deals with 
technology investigation and conceptualisation, herein called knowledge project and the second 
project type deals with industrialisation and exploitation, herein called execution project. The projects 
are conducted in sequence, thus transferring knowledge and experiences from the first to the second is 
critical. Moreover, new knowledge and experiences are generated in the projects due to their position 
in early development stages. Data for this study is extracted from a three years research effort, where 
the knowledge project has provided perspective and particular interest. The project is global in its 
nature, i.e. people from different sites works in the same project. The key question for the study’s 
research environment is to address the issues of experience sharing in early development. 
Over time, 17 semi-structured interviews with engineers and project managers at different sites have 
been conducted, face-to-face during visits, but also distributed using information and communication 
technologies as support. Semi-structured interviews, means that no question guide have been used, but 
rather three key topics have guided the conversations, i.e. knowledge transfer, experiences and 
formalisation of the two. By applying this approach the company representatives, i.e. informants, have 
had the possibility formulate their answers freely in relation to the introduced topics. The way of 
questioning has been open-ended, for example encouraging the informants to explain and describe 

1562 DESIGN ORGANIZATION AND MANAGEMENT



 

their per
data [Fo
‘cultural
of distrib
i.e. a 6 w
via distr
but it al
during th
possibili
Finally, 
follow th

Sveiby’s
Sveiby’s
to analy
distingui
and indiv
in the or
though o
others [S
though t
creation 
framewo
project m
the inter
as exper
outside. 
and conv

3. Kno
One mod
Shannon
technolo
engineer
other res
progress

rsonal view 
ontana and F
l challenges’
buted work h
weeks visit a
ibuted meeti
lso provided 
he observatio
ity to exempl
the compan

he projects d

s knowledge
s [2001] mod
yse the data.
ishes three k
vidual comp
rganisations 
organisations
Sveiby 2001]
the word ‘tra
process [Sv

ork, but these
members, tha
rnal structure
riences in any
A core persp

verting know

F

wledge co
del that has 

n and Weave
ogy, at the tim
ring society 
searchers be
s of a more co

of experienc
Frey 2000], b

 of experien
have been do
at the parent 
ings has been

insights int
ons, and the 
lify the infor

ny have prov
daily work, an

e transfer m
del of knowl
. The model
knowledge tr
petence, see F
as ‘media’ o
s might tend
]. The arrow
ansfer’ migh
eiby 2001]. 
e are not use
at is the indiv
e is interprete
y relationshi
pective of th

wledge, either

Figure 1. Kn

onversation
set the scen
er [1949]. T
me radio an
to progress 

een criticized
ontemporary

ce sharing. T
but it also br
nce sharing i
one, but also 

business sit
n followed. 
to the advan
interviews h

rmants’ thoug
vided free a
nd its challen

model 
edge transfer
l prescribes 
ransfer struc
Figure 1. Th
or channels t
d to turn the

ws indicate kn
ht point towa
Sveiby provi

ed in this stud
vidual compe
ed as the proj
ip outside the
he model is t
r externally f

nowledge tra

ns 
ne for contem
Their work o
d telephone.
the technolo

d as not suit
y model, as fo

The interview
rings forward
n global team
some of the 

te and visits 
These effort

ntages of var
have been vo
ghts as excer
ccess to the
nges, on dist

r strategies h
that knowle

ctures, namel
he external an
o express th
em into obje
nowledge tra
ard a one-dir
ides nine kn
dy. Instead t
etence is inte

oject’s experi
e project, thu
that people c
from or inter

ansfer mode

mporary com
originally w
 In that sens

ogy effective
table, e.g. Ch
for example t

w format pro
d unexpected
ms. Moreov
global team
to the other 

ts verified th
riety and dif
ice recorded
rpts in this pa
e project por
ance. 

has been used
edge is spec
ly an interna
nd internal st
emselves, i.e
ects), but a 
ansfers or kn
rectional mo
owledge tran

the framewor
erpreted as th
iences and th
us can be bo

can create org
rnally to their

el (source [S

mmunication 
was intended 
se, the mode
eness and de
handler [199
the one prese

ovides rich b
d patterns. O
er, observati

ms daily work
global sites.
e pattern of 

fferences. Fi
d. This proced
aper. 
rtals sustaini

d to structure
cific to its c
al structure, 
tructure are c
e. structures 
process of i

nowledge con
ovement of k
nsfers in rela
rk is used fro
he own and p
he external st
oth inside the
ganisational 
r organisatio

Sveiby 2001]

studies com
to visualise

el has proven
evelop meas
94]. Yet, it c
ented by Sve

breadth of qu
One such pat
ions and ‘im
k have been o
. Also the da
‘cultural cha
eld notes we
dure has prov

ing the poss

e the informa
context and 

an external 
created by th
are not obje

interacting w
nversations, 
knowledge, it
ation to the s
om the persp
personal exp
tructure is in
e own organi
value by tra

on [Sveiby 20

]) 

mes from the
e communic
n to be usefu
sures for it. I
can be usefu
iby [2001]. 

ualitative 
ttern was 

mmersion’ 
observed, 
aily work 
allenges’, 
ere taken 
vided the 

sibility to 

ation and 
therefore 
structure 

he people 
ects (even 
with each 
and even 
t is a co-

suggested 
pective of 
periences, 
nterpreted 
isation or 

ansferring 
001]. 

 

e work of 
ation via 
ul for the 
It has by 
ul for the 

DESIGN ORGANIZATION AND MANAGEMENT 1563



 

Shannon
transmitt
and a de
simplicit
misrepre

The tran
outside 
conclude

• L
c

• C
d

• C
i
c

• I
p

• E
e

• N
i

• I
a

Sveiby [
‘people’
mind, th
starts a c
experien
sender’s
[Kotnou
consider
An issue
infrastru
commun
level, n
technolo
distribut
2005]. N
developm
meaning
peripher

n and Weav
ter (encode 

estination, se
ty, generalit
esents of hum

Fig

nsactional mo
the field. F
e that the mo
Linearity – i
constructivis
Content and
differ in vary
Communicat
interpreted 
cultural, hist
Individuals 
patterned, e.
Equal relatio
e.g. as friend
No changes 
interpretation
Indifferent to
appropriate f
[2001] does 
 as the key 

here is still a 
conversation 
nce sharing.
/receiver’s d

ur 1999]. Hen
red as ‘struct
e in global 

ucture seem
nication thos
amely to re

ogical suppor
ted collabora
Nevertheless
ment teams 
g that the tea
ry [Yanow 

ver’s [1949] 
it to signals)

ee Figure 2 f
ty and qua

man commun

gure 2. A sim

odel is widel
or example,

odel point tow
indicating th
st theory mea
d meaning as
ying degrees
tion occurs 
differently 

torical). 
as isolated 
g. communic
onships – ex
ds, as teacher

over time –
n that seeme
o the nature 
for some pur
not clearly 
actors in the
possibility to
with a speci

. Moreover
different app
nce, the com
ture’ as sugg

developmen
mingly suppo
se technical s
eally work 
rt could inst

ation is spen
, those cont
also face t

ams have to w
2004]. Tak

model cons
), a channel 

for a simplifi
antifiability, 
nication [Cha

mplified ver

ly used, but h
 critics, in 
wards [Chan

hat it is the se
aning are cre
s being equa
.  
independent
depending 

– humans a
cation does n
xpressions di
rs or as leade
– while rela

ed valid last y
of the mediu
rposes but no
relate to the

e knowledge
o use the con
ific other per
, the speci
roaches call

mmunication 
ested in Svei
nt is distanc
ort collabor
solutions are
together on

tead provide 
t on ‘workin
temporary s
he advantag
work across 

king these c

sists of an i
(transmits t

ied version. 
while it is

andler 1994]

rsion of Shan

has received 
the same ve

ndler 1994]: 
ender whom 
eated actively
al – but inte

t of context
on context 

are social be
not purely ex
iffers depend
ers. 
ationships sh
year might no
um/channel –
ot for others. 
e critics in th
e conversatio
ncept of a se
rson/team/or
ific charact
s for specifi
channel sho
iby’s [2001] 
ce; at one l
rative work
e invaluable 
n a daily b

a barrier. S
ng the techno
olutions are

ges and disa
horizontal/g

conditions i

information 
the signals), 
Actually, the
s also its w
.  

nnon and W

massive crit
ein also sup

decide the m
y of both acto
ended meani

t – while th
(situational

eings and co
xpress individ
ding on the 

hifts, as wel
ot be it today

– while the to

he bulleted l
ons align wit
ender and a r
rganisation, a
teristics of 
c support ch

ould not be c
model. 

level contem
k. Studies 

[O’Dell and
basis and th
Studies have 
ology’ rather
 what are a
advantages o
geographic p
into respect 

source (crea
a receiver (

e advantages
weakness, i

Weaver’s mo

tique from re
pporters of c

meaning of t
ors. 
ing and inte

he same tex
l, social, in

ommunicatio
dual thought
roles in whi

l as the circ
y. 
ools have fea

list above, bu
th the view. 
receiver to vi
and that the c

the sharin
hannels [Lev
considered as

mporary tech
have found

d Grayson 1
hus also sha

shown that 
r than worki
at hand for 
of so called

periphery and
of knowle

ates the me
(decode the m
s of the mod
i.e. it misle

odel 

esearchers w
constructivis

the message,

erpreted mea

xt and word
nstitutional, 

on is socio-c
ts and feeling
ich we comm

cumstances h

atures that m

ut his perspe
Having the 
isualise that 
conversation

ng activity 
vitt and Marc
s inert, but s

hnology and
d that in 
998]. Yet on
are experien
much of the

ing together 
teams today

d ‘double pe
d vertical/hie
edge transfe

ssage), a 
message) 

del are its 
eads and 

 

within and 
st theory, 

, while in 

aning can 

s can be 
political, 

culturally 
gs. 
municate, 

hence an 

make them 

ective on 
critics in 
someone 

n supports 
and the 

ch 1988], 
should be 

d Internet 
one-way 

n another 
nces, the 
e time in 
[Larsson 

y. Global 
eriphery’, 
erarchical 
er and/or 

1564 DESIGN ORGANIZATION AND MANAGEMENT



 

experience sharing, all levels of the firm are suggested to see work practice as an multicultural 
organisational life [Yanow 2004]. 
Typically, the ‘contents’ in knowledge transfer are described as data, information and knowledge (e.g. 
[Hey 2004]), indicating that data is raw unprocessed data, information is the coding scheme and 
knowledge is a ‘product’ of such a transformation process. Some models also stresses ‘wisdom’, but 
generally knowledge is described as a construct with potential to influence action [Alavi and Leidner 
2001]. In opposite, Sveiby [2001] reacts towards making objects of the relationships, instead of 
‘knowledge’, ‘transfer’ and ‘organisation’ he suggests the verbs ‘knowing’ ‘learning’ and 
‘organising’. Thus, for example the conversations, reflections and language can be considered as 
carriers of experiences. The way tacit knowledge commonly is described is in terms of being hard, but 
not impossible, to articulate. The contextual dependency of tacit knowledge is hence in line with local 
knowledge and experiences.  The fact that manufacturing firms are in a state of change in which social 
dimensions of product development are becoming part of the competitive edge is more visible today 
than just a few years ago. The change can be seen in new expressions of the companies’ visions, for 
example from ‘a product provider’ to ‘a trusted partner’. Hence, those relationships reveal 
anticipations for experience sharing in conversation structures. 
Working in constellations close to partners, suppliers, customers and all types of actors, is not only an 
opportunity to bring in additional knowledge, but also considered as a risk. Intellectual property, i.e. 
mainly explicit knowledge, can be protected since it is not only identified, but also formalised, while 
experiences, i.e. tacit knowledge, is often lost due to being a highly personal asset. Experiences are 
lost through, e.g. outsourcing, mergers, and in particular if staffs leave the company [Smith 2001]. 
Companies that take their knowledge management processes seriously and have the objective to widen 
their understanding of their current and future businesses are often also developing an operational 
definition of knowledge, experiences and similar concepts. Those efforts make it possible for them to 
understand that experiences are rooted in actions and comprise of both cognitive and technical 
elements [Alavi and Leidner 2001]. 
The core idea of organising work into projects is that any project should be assembled as a ‘learning 
laboratory’ [Becerra-Fernandez and Leidner 2008], that is a project should cover different knowledge 
areas, skills and experiences, but also be a platform for an intentional process of learning. A project is 
defined as a temporary organisation that should solve a specific and detailed task over a limited time 
and with a limited budget [Disterer 2002], as such the distinct project members create new knowledge 
and generate new experiences in their daily practice. Typically, project work is reflected on 
afterwards, while project learning occurs continuously in the daily practice. Project learning is 
described as a process in which experiences provides the base for the creation of new knowledge, but 
it is also stressed that how the process is happening is of utterly concern [Kotnour 1999]. 
Lately, the integration of more intangible features in problem solving – for example the complex 
relationships between products, use and recycling – point towards combination, linkage and even more 
intertwined knowledge areas. This change in knowledge management can bring with it reasoning 
towards expected behaviours of products rather than solving isolated features of them [Gero 1990]. In 
the case of development, such context dependent knowledge, qualitative knowledge and experiences 
are carrying new variables and reasoning, while the decoding of the messages are highly depending on 
local conditions and culture. 

4. Experience sharing in global teams 
Knowledge management covers a broad spectrum of issues connected to processes, behaviours, 
people, technologies and culture. Specifically when addressing cultural aspects it seems important to 
stress that those are not only framed by organisational issues, but also by the individuals’ different 
backgrounds and positions. When working in global teams, the internal and external structure (as 
presented in Figure 1) matters for how experiences are shared between individuals. The internal 
structure, that is the conversations in which they share the project’s experiences, provide insights into 
cultural aspects related to project work. Experience sharing in global teams is a particular challenge, 
which are harder to manage than other organisational aspects. For example a project manager 
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highlighted that experience sharing in global teams is hard to centralised in the organisation, in a 
similar way as budget issues can be: 

"You can manage finance on distance but it is more challenging with knowledge." 
The project teams, not only acknowledge each other’s differences in background and competence 
areas, but also that they have different views on knowledge. They have recognised that conversations 
are crucial, but they also have experienced that they do not share, for example, context and pre-
knowledge, i.e. the ways they interpret and understand the new knowledge. 
From observing the daily work at different sites, it became clear that the conversation ‘to and from 
internal structure’ showed an informal atmosphere and a relatively direct communication. The 
observed global project showed that the co-located teams acted more relaxed in their conversations 
between each other, than they were in the distributed meetings with the participants from the other 
sites. Yet, when visiting each other’s sites, the differences were not as apparent. A plausible 
explanation for this is that distributed technologies do not support the breadth of conversations, for 
example eye contact and body language are commonly not supported. This hampers conversation 
styles that impose vital informality and a relaxed atmosphere, for example jesting or making jokes. 
Such conversations can easily be misunderstood if not being in place. Distributed teams thus become 
more formal in their conversation when it is done via technology. Moreover, due to drawback with 
technology, e.g. one speaker at the time, the format instil even more formal procedure in a distributed 
meeting, but due to the possibilities to mute the speakers the technology offers the teams to jointly 
discuss the subject at each site. The “muting” possibility is often used, and is more or less expected to 
be used. 
When comparing the conversation styles at each site, one was recognised to promote less hierarchical 
and direct conversations. Hence, showed a relatively informal organisational culture. Another 
observed site showed, in comparison, a more hierarchical kind of culture. This included for example 
approaching a person superior in rank was always done formally. This had an impact on the 
conversation in the distributed team, not as long as they were on similar levels in the organisation or 
similar in another way, but it became difficult for the team to rely that they really shared experiences 
or to assess whether or not they were just acting according to the known cultural preferences. 
Sharing of experiences is also done from the ‘internal structure to an external structure’, for example 
when the knowledge project interact with the subsequent execution project. In such a case, often third 
party (fully external structures) needs to be involved. Consequently, contracts and intellectual property 
rights are in general central in these conversations. Contracts, for example, might relate to the time 
schedule, cost or solitary tasks that are requested from the internal structure to support the project’s 
task. Normally, as far as being observed, the ‘from internal to external structure’ conversations are 
equal and responsive. Yet, in the case of disturbances the tone can change. For example, one member 
from the internal structure exclaimed suddenly in a meeting: 

"This is serious issue! I let them know by management. […] Now, he has to answer it 
again. Are the reasons to the delay documented?" 

Having insight into the organisational culture and stance towards each other, such an expression and 
exposure is rare. Nevertheless, the cross-cultural document at the company described, for example, 
directness and indirectness in communication styles. The group consisting of personnel used to a 
structured culture and personnel used to an informal culture, had directness in their communication 
style, i.e. they could access the receiver and go direct to the core message. In that sense it can be 
interpreted that the structured conversation style might have more in common with the informal style, 
than these two styles have with an established hierarchical culture. The global team’s meetings were 
commonly facilitated of a project leader or a manager from any site. When that person asked for status 
updates from the responsible project members, it became evident that the facilitator communicated 
more directly to the groups from all sites. So, one interpretation of this is that staff, in this case in the 
role of a facilitator, can adapt to the organisational culture, i.e. conversation style, to aid the 
experience sharing. 
Observations showed that the indirect communication style seemed to delay problem solving of 
specific tasks, but observations also indicated that the direct communication supported the team to 
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more critically investigate their development problem. Thus, made them more informed about the 
situation. In one meeting the participants discussed specific issues and it was apparent that they had 
different opinions, however status updates were documented without being related to the different 
views. From an observation point of view, this was due to that nobody did confront the problem; 
rather they were avoiding it. One explanation is that language difficulties played an important role 
here, since the team started to express their point of view in written text, e.g. emailing and sharing 
documents with each other, when they evidently had different opinions. This procedure supported the 
work, but it was expressed by an informant in an interview that this was more time consuming and it 
did not really support preparation for the next coming work meeting, or the management of meetings 
as such. One interpretation could be that written text, despite becoming undifferentiated when none of 
the parties are using their mother tongue, could make them more equal in expressing different 
opinions. 
The project status reporting could also include a truly external structure, i.e. the customer, in those 
cases the conversation style could be described as ‘from an internal structure to an external structure’, 
which could be referred to as more distant and more formal, than commonly in the project. Yet, it 
could be observed that in these meetings the participants made an effort to improve understanding and 
sharing of experiences. The example below is from such a distributed meeting that was observed from 
one of the sites. That site could be characterised as having a hierarchical conversation style. Besides 
the facilitator, there were two other participants in the meeting that participated on distance (the 
customer and a member from another project). 

Facilitator: "Hi [Customer] and [project member].  So, [project member] what are you doing 
now?" 
Project member: Reports on status from last meeting and what is going on right now. 
Customer: Fills in and emphasise on details and makes an effort to provide a wider 
picture of the situation. 
Facilitator: Asking follow-up questions and tries to explore the situation together with the 
customer. “Have we understood you right?” 
The meeting ends in what could be interpreted as a consensus about the situation. Despite 
this it was reported from the internal structure that they needed: 
"…more communication for clearing all issues" 

Observing project members executing ordinary tasks has provided insights that a strong relationship 
among individuals matters. One example of experience sharing based on established relationships is 
when a supplier contacted an expert to discuss the task in a less formal manner, i.e. ‘off the record’. It 
seemed, that this type of conversations were more frequent at the site that had a direct communication 
style, while it did not occur at the other site where a hierarchical structure was significant. A plausible 
interpretation can be that the directness in communication style allows for building such external 
strong relationships for experience sharing. Another example of this conversation culture is that when 
an expert (external to the project) finds it important to share some experiences with the team, s/he 
initiates a contact directly to the individuals and often not via a formal meeting. The structured 
organisational culture seems to have a ‘need-to-know’ approach for experience sharing, which is 
initialised by a specific team member. Further, only those that have permission ‘to know’ can 
officially take part of the information. A request for external information often follows the hierarchical 
levels when having a formal conversation culture, thus information is provided by the persons that are 
formally assigned with the responsibilities to report. In comparison, an informal conversation culture 
contribute to sharing experiences and reflections ‘on the fly’ and in an approach that are open to all 
project members, meaning reduced time from lessons learned to lessons shared. A structured approach 
on the other hand, might slow down experience sharing, while a great advantage is that is reduces the 
recurrent manner of meetings. This means that a structured approach addresses a more specific 
audience, consequently captures context and visualise receivers in a better way. Further, there are 
other pros and cons with the different approaches. For example ‘on the fly’ could provide daily 
empowerment of experiences to the team and support the task at hand, but could result in a lack of 
documentation and hamper reuse for future projects. Documentation of persons that possess certain 
knowledge is an advantage of a ‘need-to-know’ approach, while a disadvantage might be that 
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experiences is not shared. The hierarchical structure allows staff to beforehand know the channels, 
while it might delay knowledge sharing and in particular making daily decisions. Having the relation 
to the colleagues of an informal culture in mind, one employee from a more hierarchical structure 
expressed his view: 

"We have more obligations and responsibilities, although not more authority to make 
decisions." 

Since the possibilities to make decisions are not regulated at that level of the project, the excerpt might 
be an expression indicating an organisational culture difference rather than managerial.  
The project members share knowledge to external structures, outside the project but inside the 
company, e.g. between similar projects that are using same kind of technology but in other products. 
Knowledge sharing from the project also occurs outside the company, e.g. contact persons for partners 
in the supply chain. And in those cases some indications of managerial issues have been observed. 
Overall, all personnel have a supportive manner, while preferences for how to offer support differs. 
The structured conversation culture shows a more management-oriented or goal-oriented approach 
compared to sites having an informal communication style. One of the goal-oriented informants stated 
that; 

"I want to see what is committed for me to deliver. So I mean that is crucial to me, 
because they [referencing to the engineers in the project] are the doers, the doers needs 
know what has been assigned to them." 

And added some thoughts about the role as project leader;  
"The project leader needs to make sure works are getting done within its functional area, 
to see whether or not engineers are getting the work done, and meeting the time plan that 
has being committed." 

In such a case the cultural differences matters, since one is acting upon request and one take for 
granted that the other will notify if support is needed. Nevertheless, experience sharing between the 
partners might suffer. 
Observations of the global team’s meetings show that personal conversation styles make the 
experience sharing and reflections more transparent. The cultural influence is seemingly most related 
to personal confidence and, as observed, correlates with the expected behaviour at the specific sites. 
Yet, ‘team spirit’ seems to align with co-located teams at all sites, thus makes experience sharing more 
or less a local phenomenon (the sharing process itself could be compared to local knowledge). The 
possibilities to talk with project members in face-to-face meetings are, so far, outstanding if the 
conversation aims to learn and share knowledge. One informant explained:  

"It's good to talk to someone then they understand, and you also gain better 
understanding yourself." 

5. Cultural implications on experience sharing 
Knowledge management literature stresses on the importance to develop a structure for how to support 
the company and its mission with relevant knowledge delivered in time. If not it could result in, 
‘islands of knowledge’ or ‘knowledge silos’ [O’Dell and Grayson 1998], meaning that different 
projects more or less ‘reinvent the wheel’ over and over again. The trend to move into global 
businesses could from this point of view highlight how critical it is to make local knowledge 
organisational accessible, for this cultural differences in how experiences are shared matters. Sveiby’s 
model [2001], presented in Figure 1, the different conversations from and to internal and external 
structures could shed light on cultural aspects of experience sharing. The concepts from Sveiby’s 
model [2001], has been used to organise the empirical data from this study to indicate cultural 
influences on experience sharing behaviours, see Table 1. 
Many companies apply some kind of approach to document and share experiences from project work 
in their organisation, one example is lessons learned systems and another is document sharing. In 
general, experiences are difficult to express and hence to capture and disseminate, aspects to consider 
are the tacit and local knowledge that are part of experiences. 
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Table 1. Cultural influence on experience sharing behaviours in organisational structures 

Sharing
from;

Sharing to;

Internal 
structure

External 
structure Individuals

Internal 
structure

External 
structure (Not part of this study)

Individuals
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Abstract: User-centered approaches are a key concern for firms’ innovation practices, while higher engineering 
education typically focuses on the technical problem-solving activities. Recently, engineering education has incorporated 
team assignments for students where they are encouraged to manage open-ended problems. Yet, many students’ conduct
appears to be “business as usual” and they do not make an attempt to shift their views. Reasons for this behavior need to 
be investigated to inform the engineering curricula. The purpose in this paper is to demonstrate the impact of distinct 
orientations on an open-ended design challenge in order to highlight differences, which have implications for learning 
and education. This study applies familiar educational psychology concepts to the unfamiliar setting of design education,
focusing on user needs and acknowledging students’ orientations as a possible basis for guiding and accommodating 
design operations. Engineering design students were divided into two groups based on their individual orientation—
namely the mastery and performance oriented types. The homogeneous groups reinforced the individual strategies and 
the effects on their operations could be observed. The distinct orientations had an impact on the open-ended design 
challenge. Results indicate considerations for conflicts between solving and setting, which might affect the involvement of 
users and their needs as resources in early product development. This study addresses how individual orientations in 
homogeneous groups have an effect on user-centered design in open-ended design tasks. Highlighting differences 
contributes to understanding challenges in innovation activities. The study indicates that students need different guidance 
and coaching to match their orientations.  

Keywords: Mastery Orientation, Performance Orientation, Team-Based Design, Innovation

Introduction

he success of an innovation relies heavily on the generation of content upfront in the 
design process, where the designers start to think about a solution. Schön (1983) stresses 
the importance of solving the right problem, that is, to frame the problematic situation 

adequately. A dilemma in product development in general, and in innovation projects in 
particular, is that the information about the users, their situation and a potential solution are 
vague at this stage. There is a risk that designers, in order to solve the dilemma, interpret the 
situation in terms of their own wants and desires, leading to solutions they would like to own 
themselves (Faste 1987). A recommendation to avoid solving the wrong problem is to go to the 
users and learn from their activities and behaviors (e.g., Patnaik and Becker 1999). This approach 
is used by a few companies, e.g., IDEO (Kelley 2001) and branded as Needfinding.

However, it can be argued that when this approach is realized in product development there 
can still be a difference in preferences. The designers can, for example, focus on an existing 
product and how it is used and then search for how to improve the goods as such, or they can 
focus on the users, their goals and the context where they act in order to find new solutions. 
Efforts at combining these two focuses are rare in industry, but due to an increased acceptance of 
qualitative methods (Patnaik and Becker 1999), there could be a window of opportunity for such 
a two-sided perspective (Brown 2009).

Since managing user information is more of an explorative effort than obtaining a single 
right answer from the user, the efforts to acquire and interpret user data should be supported. If 
we assume that the activities of managing user information relate to a designer’s tendency to 
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adopt a certain orientation when framing and solving the design task there are possibilities to 
study this for the purpose of understanding how the individual’s orientation might affect early 
planning and design activities. If diversification is sought for when conducting a design 
challenge, making an effort to frame the problem adequately before suggesting solutions is 
utmost importance. Solving an open-ended problem involves constraints, trade-offs, feedback 
loops, decision-making and other perspectives that cannot be foreseen from the start (Moore et 
al. 2013). Designing requires acquaintance and practice with these challenges.

Previous experiments in architectural design education (e.g., Demirbas and Demirkan 2003) 
showed that different orientations affect performance of the processes chosen to address a design 
problem. Instead of claiming that there is one orientation that optimizes all design processes, it is 
crucial that an instructor understand the advantage of exploring a continuum of activities that 
challenge the design learners. Collaborative design activities are difficult to teach and need to be 
practiced by students, since engineering skills are learned through shifting between theory and 
practice (Dym et al. 2005). It seems crucial that an instructor understand how to encourage 
students to shift among appropriate learning styles and between different individual orientations. 
For example, in design work the behavior of novices has been associated with a sequential
approach to identify and solve sub-problems, whereas experienced designers practice a top-down 
approach by exploring the problem-setting before solving sub-problems (Cross 2004; Litzinger et 
al. 2011). For novices then to examine their approaches reflectively could prove a benefit to 
engineering practice in that if the individual preferences for dealing with problems were made 
explicit, a design team could make use of those preferences and direct members having suitable 
tendencies into appropriate phases of problem-setting or problem-solving.

To study this, we have set up an experiment with engineering design students and presented 
them with an open-ended design challenge. The students were divided into two homogenous 
groups based on their individual motivation for approaching design challenges (Pintrich, Marx 
and Boyle 1993). The design challenge concerned a simulation of relief in the aftermath of a 
recent natural disaster in the Caribbean that had displaced hundreds of thousands people, leaving 
them homeless for the foreseeable future. 

Research Questions

Pintrich, Marx, and Boyle (1993) divide learning preferences into the two categories, mastery 
orientation and performance orientation, their work relates to the earlier work by Dweck (1986). 
That is, applying a mastery orientation tends to focus on understanding a task or situation in more 
depth, for example to become more knowledgeable about a situation. While applying a 
performance orientation, the activities gravitate toward exploiting existing knowledge. Also, 
mastery orientation and performance orientation could be seen as having similarities with the 
concepts problem-setting and problem-solving as suggested by Schön (1983). Simply, problem-
solving builds on the characteristics of exploitation and converging activities (Stempfle and 
Badke-Schaub 2002), and problem-setting builds on the characteristics of exploration and 
diverging activities (Benner and Tushman 2003). 

This study is based on two assumptions. The first assumption is that an open-ended design 
challenge is approached by agents having a tendency to, firstly, apply either a mastery/problem-
setting or performance/problem-solving. The second assumption is that an individual’s 
orientation for mastery or performance, in this study reinforced in a team, has an impact on the 
choice of design approach. To understand the impact of distinct orientations to a design 
challenge, we thought that teams of all mastery-oriented and all performance-oriented individuals 
would more likely demonstrate the reinforcement or suppression of preferences than mixed 
teams would.
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This led to the formulation of the following research questions:

• How are mastery and performance orientations expressed as operations in 
homogeneously aligned teams?

• How would operations inform—by degree or by kind—a user-oriented approach to 
a design task?

Methodology 

The students participating in this study were undergraduate engineering design students, in an 
architecturally orientated program. The students were anticipated to work in groups and they 
were bound to assess the assignment themselves. Thus dealing with a high degree of ambiguity, 
this is in contrast to most of their other courses where the tasks and assignments are more well-
defined. Not everyone feels comfortable right away with confronting ambiguity, and we expected 
individual students to cope with this discomfort by resorting to either one or the other of two 
fundamental individual strategies. 

In the progress of design operations, imposing clarity on ambiguity demands purposeful 
engagement and directed effort from undergraduate students at a level that is demanding for 
many of them, especially since much of their previous education has directed them toward 
defensibly exact answers to well-defined and well-structured questions, typically not at the 
discretion of a learner to challenge. And, as Kilgore, Atman, Yasuhara, Barker and Morozov 
(2007) point out, even many undergraduate programs in engineering do not deal with design until 
the very end of that course work (cf. Atman et al. 1999; little had changed in the intervening 
eight years). 

The students were all in their middle to last part of a degree program, so they were not yet 
experts, but rather experts in the making. This study extended the conditions of those studied in
Cross and Cross, 1995 because we were observing novice designers in teams pursuing an 
architectural design, whereas those authors were working with experienced designers working on 
a product design. The study was administered in its entirety during a regularly scheduled class 
meeting in the project course, in one afternoon, in a workshop format that lasted four and a half 
hours. The workshop was divided into three main sessions of roughly equal length, with breaks 
in between. Basically, the workshop agenda was inspired by the product development processes 
proposed in Ulrich and Eppinger (2008) and Patnaik and Becker (1999). The development 
process outlined during the workshop was a simplified model of early stages of design including 
user-orientation: user analysis, concept generation, concept selection and prototyping. 

MSLQ (Motivated Strategies for Learning Questionnaire, constructed and reported by 
Pintrich et al. 1993) was used to divide the students into two groups distinguishing between 
students’ preferences, i.e. who would be considered performance-oriented (e.g. excelling in 
competition) and who would be considered mastery-oriented (e.g. understand the task in depth). 
The section in MSLQ regarding motivation strategies was used in this study. This choice is in 
keeping with McKeachie (1995) who posits that orientation is one of three factors that predict 
engineering design learners’ performance. The other two factors being knowledge and 
intelligence, the analysis of which constructs being of marginal use to this study. How MSLQ has 
been used is reported in more detail in a previous publication (Holmqvist et al. 2011). The 
students were then formed into mastery-oriented and performance-oriented teams consisting of 6 
students in each team. 

A short introduction was given in the beginning of the workshop, in which the students were 
assigned to analyze and address shelter solutions for people suffering from a natural disaster in 
the Caribbean where hundreds of thousands of people had been left homeless both suddenly and
for the foreseeable future. Throughout the workshop, the teams were separated from one another, 
although they met in the end and each team made a presentation to the other. The two teams were 
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thus provided with an adjacent pair of classrooms in which to begin their work. The two 
classrooms were prepared with material that could be of use, such as whiteboards, papers, pens, 
etc. The material provided was of equal quality and quantity to both teams. The short 
introduction in the beginning of the workshop was intended to be the material from which the 
students were to derive their design problem. The introduction included a presentation of a 15-
minute video, showing an actor portraying a refugee displaced by the disaster, and recorded in 
front of a panoramic backdrop view taken from the actual disaster scene. The actor made an 
appeal for help to the students, underscored by the threat of further hostile weather conditions. 
The video clip was designed to simulate a journalist reporting from the site, the scene being an 
interview with a civilian at the disaster area, asking for help. The students also were provided 
with a one-page document outlining the situation’s open-ended problematic manner, i.e. there 
were no obvious guidelines leading to exact or quantifiable answers. This introduction gave the 
students information about the context, but they were free to interpret the problematic situation 
into a more precise design problem for themselves. 

To aid the work two operations for ideation were presented. The first was one commonly 
used for brainstorming, where the participants were told to try to be positive in their responses to 
each other’s suggestions, to generate as many alternative solutions as possible, to build on each 
other’s ideas, to be open minded, and to contribute actively (Kelley 2001). The second operation 
was presented as a simple user-orientated process involving personas (Grudin and Pruitt 2002) 
where the students were told to invent and describe a range of typical stakeholders, age, 
occupation, needs, etc.

In summary, the researchers scaffolded content operations through the distribution and 
review of instructional material, suggesting that one alternative being considered by relief 
agencies was a massive importation to the site of rapidly deployable shelters in the form of 
shipping containers. Using 20 foot long standard shipping containers as a basis in their design 
considerations was presented as a constraint for the task, and the students were asked to 
exemplify their solutions using cardboard prototypes. 

The workshop was divided into 3 main sessions, called (1) identifying stakeholders and 
needs, (2) concept generation, and (3) prototyping and presentation. Prior to the third session the 
students first played a computer game simulating a context similar to that of their design 
challenge. The computer gamed is provided by the Red Cross (Red Cross 2012) and it was 
introduced as inspiration for the prototyping. Then the students made physical prototypes of their 
solutions, e.g. drawings, charades, physical artifacts, stories. Thereby, the prototyping activities 
can be categorized as rough in appearance, but necessary for the communication of novel ideas 
(Brown 2009; Schrage 2000). Parts of the activities in this session, as also in the categorization in 
between the sessions, include efforts to compare, assess and evaluate alternatives that would 
inform a successive action. As a final step both teams met in one classroom and each team 
presented its identified needs, concepts and problem solution prototypes to the other team. The 
activities in the sessions were both divergent, i.e., generative in nature, and convergent, i.e., 
selective in nature (Bánáthy 1996), that is operations typically included in design work. 
Additionally, each of these categories can deal with both content, as in what is being 
investigated, i.e. task-work, and process, as in as in how an investigation occurs, i.e. team-work 
(Stempfle and Badke-Schaub 2002). Seen from the perspective of the challenge under scrutiny, 
two types of operations could have directed the actions, either exploitation or exploration 
(Benner and Tushman 2003). Also, each of these actions can deal with task-work and team-work, 
i.e. divergent/explorative and convergent/exploitative. 

The researchers, who alternated their time spent with each team, clarifying or otherwise 
answering questions related to the assignment, attended all sessions. Likewise, in this study the 
questions posed to students were intentionally crafted to be open-ended, which was eased by the 
circumstances that no definitive response to the disaster had occurred in reality. Each session was 
recorded on video for later analysis, via camcorders located on both team sites. The videotaped 
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material provided primary data for analysis. Sketches and students’ notes from the workshop 
provide a secondary source of material. The researchers have, as best as they can, made an effort 
to increase the quality in the analysis. First, the videotaped material was analyzed in a non-cross 
sectional way (Mason 1996). This means that the researchers did not use pre-defined codes; 
rather particular behaviors are noted while watching. Notes were taken during the first analysis, 
but the researchers did not yet discuss the observations with each other. Second, based on each 
researcher’s notes, the sequences found relevant for the study were further analyzed by the whole 
group of researchers. Excerpts have been taken from these sequences since they were found to be 
typical for the teams’ discussions. The second round of analysis was guided by the categories 
derived from not only Bánáthy’s (1996) divergence/convergence, and Stempfle and Badke-
Schaub’s (2002) content/process, but also Schön’s (1983) distinction between problem-solving 
and problem-setting. These categories were applied to find patterns in the data. The third round 
of analysis focused on finding quantitative measures. To do this, researchers kept track of how 
many concepts were generated, number and kind of stakeholders taken into account, and the time 
spent on user-oriented activities.

How the Teams Explained the Open-ended Problem 

Excerpts from the recorded conversation in the workshop are provided to exemplify how the 
students reasoned, and these can be seen as typical for the teams’ discussions. Further, the 
excerpts are chosen, not to describe the students’ ideas and solutions, but to describe how their 
conversations were oriented towards performing a certain task or master the processes of gaining 
insights into the user situations.

Session 1: Identifying Stakeholders and Their Needs 

The performance-oriented team talked about actors in the situation as sponsors for material, help 
organizations, companies that could be solicited, and governments, in other words, agencies and 
institutions. They made a list of those actors, but the list did not end up in a description of 
personas. Also, they did not feed that information into the design challenge. Instead, they jumped 
into solutions after only a few minutes, such as this response to an utterance about how to keep 
order during the rebuilding of the society.

B: “Then we need someone that could keep the order, police officers or the like…”
(Performance-oriented, 5.35 min Session 1)

This early and rapid delimitation of the design space in relation to their interpretation of the 
task can be observed in several discussions throughout the whole first session in the workshop. 
For example, when one of their members suggests including transportation of the containers to 
the site as a vital need, the performance-oriented team agreed that investigating roads at the site 
was not included in the situation. 

F: “What about the roads there, do we know anything about them?”

B: “No, we should not care about that. We should not worry about it.” [The other team 
members concur]. (Performance-oriented, 25.05 min Session 1)

The mastery-oriented team discussed stakeholders on another level of abstraction from the 
beginning, and thus performed quick iterations of describing the situation in order to establish the 
scope for the task. After a short period of silence following the initial search for a scope, one of 
the team members suggested:
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G: “Well, can’t we say that people in different ages has different needs? A baby has 
specific needs and a middle-aged man has others?” (Mastery-oriented, 5.30 min 
Session 1)

The mastery-oriented team’s discussions ended up in a list of people with different skills, 
different ages, and different disabilities, and they assigned distinct characteristics and names to a 
variety of people affected by the disaster, i.e. they developed personas. Also, the mastery-
oriented team acknowledged alternative interpretations of the design challenge during the 
iterations. The mastery-oriented team started by deducing needs that are shared for their 
stakeholders, what the team calls basic needs:

H: “We could go with the basic needs? Needs that everyone has!”
I: “Water?” 
G: “Yeah water, definitively.”
J: “Food” 
G: “Water, food”
K: “Shelter”
G: “Shelter…and then, all of them, to be sustainable in the future we need to find a way 
to earn money, work and, to get a job or something, if they are going to rebuild their 
society or… there is a need to for them to earn money to make a living, but I don’t 
know.”
H: “Yes…”
I: “Resources”
G: “I guess that they don’t need heat in their homes, but perhaps shadow from the sun?” 
[the team takes up the discussion of basic needs again]
[…] 
I: “I guess relatives and friends?”
G: “Yes, social needs”
H: “Ehh… do they need education, do they need school? Is that a basic need?
G: “It is not a basic need but the world would probably be a better place” 
I: “Yes”
H: “He [refers to the man in the video] said that they don’t have electricity and that they 
don’t have sanitary solutions.” (Mastery-oriented, 7.10 min Session 1)

Whereas the performance-oriented team remained confident with their investigation of 
stakeholders at one overarching level of abstraction. By this approach, they not only suggested 
solutions early on, but also their activities of planning, scoping and user analysis can be 
described as convergent/exploitative. From their list of actors, the performance-oriented team 
embarked on finding needs of those actors. One of the team members led the session in this 
manner:  

A: “Ok, what kind of need do we have when it comes to the sponsors? We got to have 
containers, and some stuff to make electricity…”
B: “Water?” [the other team members agree, and B continues]. “Water, food, garbage 
recycling, sanitations.” 
A: “Ok, so how are we going to get water… ehh… just dig a hole?” [the rest of the team 
giggles] 
B: “Yeah… maybe!… Maybe they don’t have the equipment?”
C: “Probably not.”
B: “So you… build… Can they take rainwater instead?” (Performance-oriented, 7.15 
min Session 1)
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All students had been introduced to Maslow’s hierarchy of needs (Maslow 1970) in a 
previous course, but comparing how the performance-oriented team managed their discussion on 
needs versus how the mastery-oriented team managed theirs show a difference in approaches to 
the task. The performance-oriented team did not take the discussion beyond what Maslow 
categorizes as deficiency needs, being those fundamental needs that are necessary to survive, e.g. 
water, food and in the reasoning of the performance team, garbage handling. They did not think 
about future needs or progressively changing needs, e.g. growth needs, like being part of a social 
context and knowledge, while the mastery-oriented team went further with such an investigation. 
Also, interpreting the dialogue, we find that the performance-oriented team related their 
identified needs to physical objects, e.g. shovels, trucks, etcetera. Or to solutions, e.g. police 
officers as a solution to preserve order. By doing this, the performance-oriented team made a 
direct interpretation of need statements into solutions, skipping the exploration of situation and 
people. When comparing these two ways of reasoning, we interpret the performance-oriented 
team as focused on solving the given task by addressing the implementation of existing solutions, 
and the mastery-oriented team as learning more about the situation to solve the given task by 
inventing new or better solutions. For the sake of the assigned design challenge, both teams did 
account for stakeholders and needs (to differing extents), and both made an effort to investigate a 
situation to find a problem to be addressed, yet their design problems were differently scoped and 
planned. The mastery-oriented team spent a slightly longer period of time on discussing the 
design challenge, thus performing activities that can be described as divergent/explorative

The performance-oriented team framed the design challenge by focusing on these parts: 

• provide shelter
• arrange transportation
• move containers
• provide a place to sleep

The mastery-oriented team framed the design challenge by focusing on these parts:

• conditions of living
• rebuilding a society
• interaction
• social areas

Session 2: Concept Generation

The performance-oriented team divided the work among the team members in order to work 
faster and three students each focused on two distinct areas, namely water and food/other 
material. In their discussion how to divide the areas they seemed to make an effort to state the 
boundaries to not enter each other’s area of responsibility when suggesting solutions, but they did 
not specify “other material”. Three students from the performance-oriented team assigned to 
manage the water problem are discussing how the need for water can be solved:

B: “Ok, we can ship it to the place, drill a hole or collect rainwater. It is these three 
solutions…”
C: “Ok, we need water treatment plants.”
B: “Not if we collect rain water. It is clean as it is.”  
C: “But… no, shouldn’t you clean it…”
[…]  
C: “If we drill for water we need equipment and drills…”
B: “And, you need personnel”
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C: “Information?”
[…] 
B: “For rainwater you need…”
D: “Something to gather it in and eventually a water treatment plant.”
C: “And then we need rain, and the question is how often we have rain.”
B: “The monsoon is…”
C: “Monsoon is 1 of April, I read that somewhere before” 
B: “They only have two different seasons, monsoon and summer.”
C: “Then we need storage.”
B: “Ok, then we needs big water containers of some sort!”
[…] 
C: “Can you store water?”
B: “Yes, in [our country] we use water towers to store water." (Performance-oriented, 
9.00 min Session 2)

The performance-oriented team circumscribed the design challenge from the start, but also, 
as it seemed, the team found it comfortable to elaborate on only the three solutions that they had 
previously identified, i.e. saying “ok” as a response to each other’s utterances indicates 
agreement and decision-making rather than investigation of alternatives. In comparison to the 
mastery-orientated team, the performance-oriented team confined their discussion to objects, 
rather than human beings. This interpretation is based on how questions in the team are related to 
the (previously defined) solutions, and as it seemed, as long as the information brought clarity to 
the progress of the solution at hand, the team appeared satisfied to accept and incorporate it. 

The three performance-oriented students that were assigned to manage the water problem 
continued their discussion of how to get clean water to the site. They delimited their part of the 
design challenge even further, since they assumed that the remaining 3 students from their team 
had already solved a part of their assignment. They then shifted to figuring out how to get the 
containers to the site:

C: “But, if they [referring to the other group] have solved the food and other material, 
then it is fine. I think the people need somewhere to sleep.
C: “What they needed was to sleep, eat …”
B: “Yes, but, I was thinking on how we transport it there. How we ship it there? How 
we transport it?”
D: “But, it depends if we use military tents on a car then maybe...”
B: “…We will ship it anyway.”
B: “So… maybe we are done after all?” (Performance-oriented, 39.06 min Session 2)

The performance-oriented teams’ dialogue is seemingly based on probing whether they had 
managed the task or not. Student C is making an attempt to check the list of needs that they made 
in the first session, but is interrupted by student B who seems dissatisfied with how they have 
managed the transport problem, i.e. “yes, but…”. This can be interpreted as the students find it 
important to check that their solution could be related back to the requirements that they had 
decided from the beginning, while B found it more important to address the information given in 
the design challenge. Any problem that was not agreed upon for inclusion within the task was 
then excluded from their investigation.

The mastery-oriented team conducted a brainstorm to find solutions for, as they had defined 
the topic, temporary housing for the people in the disaster area. One team member came up with 
an idea (student L) and two others (student G and H) then took the lead in the dialogue and 
started to talk about how to modify the containers as homes. 
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H: “But doesn’t the container get very hot in the sun? ... We have a solution were we 
could use the rest of the material as a roof.” [Visualizing with her hands]
L: “Yeah, and there are lots of hillsides on the site that we could use.”
G: “Yes, so we could follow the hillsides.”
L: “Yes”
H: “You mean the hillside…”
L: “Yes if we fold the roofs like this.” [Draws on the whiteboard]
G: “Yeah”
L: “Yes”
H: “And we use these to create houses here…” [Points on the sketch].
H: “Is it possible that you stack the containers like this.” [Points on the sketch]
[…] 
K: “Ok, during the rain season I think you must do that.”
H: “Yeah, and during another earthquake it would be better.”
G: “What happens during rain season when…” [Starts to gesture]. (Mastery-oriented, 
14.30 min Session 2)

The mastery-oriented team made use of their distinction between solutions, e.g. a roof, and 
needs for living inside a modified container, e.g. habitable temperature inside. This team 
typically built on their ideas by acknowledging each other’s utterances, and starting new rounds 
of ideation to improve the ideas. The mastery-oriented team had another approach in managing 
their work: they stayed together as one group throughout the session. Although they had side-
conversations two-and-two, after such a discussion, they usually shared their ideas with the 
whole group. So, the work was divided, but not the group. For example, on one occasion 
different concepts came up in the side-conversations, and this idea was brought up for discussion 
by the whole team when gathered in front of their whiteboard. 

L: “If we have a container, and that is were they are living!” 
G: “Ok, so you mean that, if we stack them on top of each other you can use this area 
[pointing at the sketch on the whiteboard] for something else. Since you already have
walls and roof from the container above?”
L: “Yes, it’s a simple construction” 
G: “Ok, so you mean that it can be used as a roof?”
L: “Yes.”
[…] 
G: “Yes, they can still use this area [pointing to a sketch], and just put a simple roof 
here, then you can have a place to sit underneath.”
J: “And… I think we can reuse a lot of material that are taken away from the container” 
G: “Yes, I actually like our idea, that we came up with, or that you came up with.” 
[refers to an earlier idea]
G: “They are used to live in small houses… so they can use old material to bend it 
[gesture like she is referring to a roof] … and then you add small containers that are like 
small tunnels, and then they can use them for living as well.” (Mastery-oriented, 10.05 
min Session 2)

The mastery-oriented team started to combine ideas into a concept, still investigating 
possibilities to refine the ideas. That is, the definition of the task evolved as their investigation of 
ideas evolved. It should be noted that the performance-oriented team, despite coming up with 
solutions already after a few minutes, did not manage to settle the task before time was called or 
before the mastery-oriented team did.
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Discussing Tendencies in the Teams Operations

The mastery-oriented team and the performance-oriented team approached the design challenge 
differently and by applying user-orientation differently. A note here is that the study does not 
seek to find out which approach is the best, because a mastery orientation is not always superior 
to a performance orientation, and vice versa. Also, it could be supposed that an individual’s 
orientation is not, and should not be, stable over time. For example, being a design learner not yet 
possessing expertise in the area might result in an approach where that individual is more prone 
to rely on a well-defined structure, and hence to direct his or her operations to find such a 
process. Gaining practical experience in the area might encourage more explorative and 
divergent activities, once a structure is now part of the individual’s experiences. It can also be 
supposed that an individual might apply a different orientation depending on the task at hand. For 
example, in cases where the design task is more concrete, as in incremental improvement of a 
thing, it is doable to set up a goal and measurements beforehand. Hence a performance 
orientation would probably be an efficient approach. While in the case of creating new solutions 
or addressing unknown markets it is not doable to set up a goal beforehand, thus a mastery 
orientation would probably be needed. 

From the sketches, displayed in Figure 1 below, it can be seen that the performance-oriented 
team worked with the transportation problem as their core design challenge to provide housing at 
the site. Thus, an interesting phenomenon did happen here: the performance-oriented team did 
not apply their knowledge of design directly onto the challenge, either by designing a place for 
temporary homes or redesigning the containers. The containers were more or less still containers 
in the final presentation, yet used for the purpose to get shelter, eat and sleep. 

Figure 1. The Performance-oriented Team’s Storyboard (showing helicopters, boats, lorries, and wheel loaders 
transporting the containers, i.e. the solution)

The mastery-oriented team presented their first solution at the beginning of Session 2 in which 
they were investigating additional ideas. They made an effort to build a wider picture than just 
transportation, by visualizing the relationships between different aspects (see their sketch in 
Figure 2). Under realistic circumstances the mastery-oriented team might have implemented their 
design of temporary housing including social areas, since they addressed the problem in a much 
broader sense, reflecting on possible aftershocks and other conditions on the site. In the final 
presentation they had applied some of their knowledge of design onto the challenge. The 
containers were redesigned for the purpose to get shelter, eat, sleep and have a social life. 
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Figure 2. The Mastery-oriented Team’s Storyboard (showing needs as keywords, problem areas, some sketches of 
alternative solutions, and in the upper right corner, a map to visualize relationships) 

A comparison of the teams’ operations shows that the performance-oriented team had a 
tendency to manage the challenge on an overarching level, applied an exploitation approach to 
solve the problem. Hence, such a design approach aligns with a tendency to focus too early on 
problem-solving activities, which is hampering for an open-ended design challenge. The 
mastery-oriented team managed both the problem-solving activities, but also the exploration of 
the design challenge. Such a design approach aligns with a tendency to incorporate problem-
setting in terms of user-orientation. Schön (1983) suggested that problem-setting is a part of a 
problem-solving process, and that naming things and framing the context, i.e. conducting 
problem-setting is not a technical problem. Basically, as observed here tendencies towards one or 
the other orientation might occur based on individual motivation strategies, and those had an 
effect on how the open-ended problem was approached.

Conclusion and Future Work

The research questions posed were how the individual orientations were expressed as operations 
in homogeneously aligned teams, and how such operations informed a user-oriented approach. It 
is important to note that the study is delimited to an open-ended design challenge, where 
understanding users is of utmost concern. The performance-oriented and the mastery-oriented 
team executed the design task differently, and in comparison the mastery-oriented team exceeded 
in bringing in a user perspective. The opposite case, i.e., assigning a clearly defined design task 
to the mastery-oriented team, could be expected to show shortcomings in how such a problem is 
approached. Yet, the study indicates that, in real teaching situations, considering instructions in 
relation to the individual operations is not only important for learning, but also not trivial. The 
study presented here can thus align how the orientations and tendencies related to the teams’ 
investigations of the design challenge (see Table 1).
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Table 1. Relation between Orientation, Tendency, and Investigative Approach 
in the Design Challenge

Individual 
orientation 

Design 
approach 
tendency

Type of investigation 
of the task

User-
centered Solution basis

Performance 
oriented Problem-solving Exploitation Users as 

objects
Existing ideas, 
requirements

Mastery 
oriented Problem-setting Exploration Users as 

people Novel ideas, needs

The study has delimitations, not only in terms of number of students involved, gender, the 
time available to observe them, and the expediency of adding and losing participants due to the 
day-to-day attendance vagaries that plague any course, but also in terms of scope. And, 
admittedly, any or all of those factors could have affected our results to some extent, although we 
believe that the study indicates interesting issues on operations in open-ended design situations. 
Therefore, a number of suggestions for future studies need to be addressed. To increase 
trustworthiness from the division into two homogeneous groups, similar experiments have to be 
repeated. We have not noted any difference in scale, as in how the operations differ between 
what was expected from individuals and what was actually used in teams. This was anticipated as 
consequence of using homogeneous teams. Thus, mixing the two orientations into a 
heterogeneous team would be beneficial to investigate how both orientations would inform the 
design task at hand, and what kind of operations are needed to sustain an effective approach for 
user-orientation in product development. 

Finally, the MSLQ instrument includes a part that focuses on learning strategies, which we 
have not included in our study. But, this is suggested for future research activities. Such an 
experiment could inform educational situations in more detail. Moreover, work addressing 
students thinking styles, for example, Volpentesta, Ammirato and Sofo (2012) would provide 
deeper insights into the practice of interchangeably applying different rationales in project-based 
learning situations, and hence will be considered in future studies.
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Abstract 
The focus on knowledge management has long since been recognized in the literature and 
undoubtedly has benefited organizations. More recently, companies claim to be ‘knowledge-
driven’. Indeed, the concept of knowledge-driven incorporates experiences. Typically, factual 
knowledge has a transparent management approach, whereas experience sharing is highly 
prioritized but not straightforward. This study addresses experience sharing and proposes a 
perspective to support reflection upon practice in innovation projects. The study builds on a 
longitudinal acquisition of empirical data obtained in a manufacturing company acting in a 
global market. In particular, early innovation projects have been a source for data collection. 
Interviews with knowledge workers, observations from daily work activities, and readings 
from internal documents provide the empirical material for the study. The study has resulted 
in a visualization of different kinds of issues concerning experience sharing. The visualization 
has been a base for highlighting industrial implications and proposing actions.  
 
Keywords: Experience Sharing, Knowledge Management, Team Based Innovation 
 
1 Introduction 
Knowledge transfer has long been recognized as important to organizations [1], and 
knowledge management (KM) has been stressed also as a social process. KM is claimed to be 
an instrument of organizational learning, and not just management and transfer of a technical 
procedure [2]. Product development builds on internal as well as external knowledge sources 
[3], and such knowledge needs to be managed in some way or, rather, in some ways. KM 
includes different approaches, one controlling and monitoring factual knowledge and one 
addressing experience sharing to empower daily project work [4]. Doing either or is not an 
option because the different concepts of knowledge are interrelated [5] and necessary for 
executing innovation activities. Experiences come from reflecting in and upon practice [6], 
and thus relate to pre-knowledge and perspectives of individuals. Members of innovation 
projects possess—due to the explorative nature of the work—a vast number of experiences. 
Thus, capturing and disseminating experiences is undoubtedly a vital concern for 
organizations. 
 
A major challenge for knowledge transfer is accurate communication [7], which means that 
knowledge must be treated according to how it might be used in a given situation—thus how 
it will be useful for others. Consequently, “knowledge with a proven record of past usefulness 
is less difficult to transfer” [7]. Because factual knowledge has a transparent management 
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approach, it eases the knowledge transfer process. In contrast, experience sharing is highly 
prioritized but not as straightforward as the situation described above because of its abstract 
nature and immature state. This study addresses experience sharing and therefore focuses on 
the social/know-why type of knowledge—that is, the experiences that evolve in day-to-day 
activities in engineering teams and often fall into the category ‘lessons learned’.  
 
2 Methodology 
The study builds on a longitudinal acquisition of empirical data obtained in a manufacturing 
company acting in a global market. The company has been recognized as an innovative 
organization and is becoming more and more global in their development activities. The 
company’s different divisions are situated all over the world: manufacturing, research and 
development, as well as sales offices. The parent company is located in Scandinavia, which is 
also the case for a large part of the R&D; nevertheless, most projects are global. Data are 
gathered from three different company sites. In particular, early innovation projects owned by 
the R&D organization have been a source for data collection. The company can be described 
as project-based; typically not all functions are available—or even desirable for being 
utilized—from the same site. A manager can be located on the opposite side of the world, as 
is the core engineering team. Thus, the organization consists of both vertical and hierarchical 
structures that influence knowledge conversations. 
 
In addition to participation in local meetings, participation in distributed meetings between 
partners from different sites has contributed to a holistic view and a more detailed 
understanding of challenges in such collaboration. Besides observations, data are gathered 
from interviews and workshops with employees from two types of projects. One deals with 
technology investigation and conceptualization activities (owned by R&D) and the other 
project type deals with industrialization and exploitation—that is, execution projects. It is 
natural that the first type of project follows the second one in sequence, and thereby 
knowledge transfers and experience sharing are crucial activities that drive the progress of 
product development. 
 
In this study, 17 interviews with knowledge workers (i.e., engineers, managers, and experts) 
have been conducted at different sites; the duration of the interviews was 30–120 minutes. 
The interviews followed a semi-structured approach, meaning that no precise question guide 
was used. Rather, the use of key topics articulated areas of interest in which the informants 
could, and should, formulate their answers freely in relation to the themes. The themes were: 
knowledge transfer and experiences and, also, the formalization of them. The interviews were 
performed both face-to-face with the informants and by using technologies for distributed 
communication. The semi-structured approach encourages the informants to explain their 
personal views; thus, such an interview format provides a rich breadth of qualitative data [8] 
and can result in new, unexpected patterns that originate from the informants. 
 
The observations were done by shadowing daily activities, but also by observing distributed 
work (from one site) among global teams. Participatory observations also have been done 
while making longer visits at the company’s sites—for example, six weeks at the parent 
company and one week at the other global sites. Field notes were taken during the 
observations to make it possible to go back and reflect on activities but also to exemplify 
situations as is done in this paper. Finally, the company provided free access to project portals 
and, thus, the possibility of following the projects’ daily work and tests on distance. Finally, 
reading internal documents provided additional empirical material for the study. 
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3 Knowledge transfer and experience sharing 
In early development projects, the body of knowledge is a mix of different domains, 
competences, and skills that can be possessed by the stakeholders involved. The work 
involves knowledge activities, which provide the base for eventually building up a ‘complete 
formula’ to accomplish the goal of a project [9]. During development work, numerous 
decisions have to be made, although the body of knowledge and information on which these 
decisions are based is not only immature, but also changes over time. Thus, there is a need for 
a continuously on-going and dynamic process [10] of knowledge creation in which 
individuals communicate and interact. 
 
Knowledge creation is commonly explained in terms of explicit and tacit knowledge. The two 
types are outlined as two separate entities, although they should be seen as complementary 
[10][11][12]. The category explicit knowledge can be described by the concept of ‘know-
what’, which relates to theoretical and formal knowledge [10] and also to facts. The category 
tacit knowledge can be exemplified by experiences, which are deeply rooted in actions and 
often refer to the concept of ‘know-how’, that is, practical knowledge built up within a 
specific context [13]. 
 
Individuals learn from successes, but also from mistakes if they reflect upon their actions—
that is, they gain experiences from daily work activities. Experiences are personal and refer 
often to practical and local knowledge in a specific context [13]; however, experiences also 
are relevant for others to learn from. If that is so, a major challenge is to capture and 
disseminate the experiences. Individuals need to reflect upon their own previous knowledge 
to be able to learn from a new situation—that is, to gain ‘actionable understanding’ from 
others’ experiences. 
 
The literature discusses that at least two parties need to be involved in knowledge sharing 
[13]: one of them possesses experiences that the other person needs to acquire. Knowledge 
sharing is often labelled as either of two concepts: knowledge transfer [1] or knowledge 
sharing [13]. Knowledge transfer is mainly used to describe the movement of knowledge 
between larger units, for example, between departments, divisions, or the organization itself 
[1][13]. The literature claims that transfer can occur implicitly without articulating the 
knowledge [1], although knowledge transfer is, as it is presented in the literature, mostly 
applicable in situations where explicit knowledge is communicated. Knowledge sharing refers 
to a collaborative interest by individuals in making knowledge available to other individuals 
[13]. 
 
Experiences, which are part of both knowledge transfer and knowledge sharing, need a 
context to be understood by another individual. The transfer or sharing between individuals—
from and to the inside and/or outside of an organization—thus depends on the transfer or 
sharing of the context also [7]. The importance of knowing the context will be even more 
evident in global development teams, which face the advantages and challenges of a so-called 
‘double periphery’, meaning that the teams have to work across horizontal/geographic 
boundaries and vertical/hierarchical boundaries [14]. Research has shown, on the one hand, 
that for one-way communication and for conferencing solutions, technological supports (e.g., 
ICT) are invaluable [15]. On the other hand, technological support also becomes a barrier to 
experiencing conversations. For example, a large part of the time in distributed meetings is 
spent on ‘working the technology’ rather than on working together [16]. Consequently, the 
contemporary technologies, which are used to support knowledge transfer in global 
development teams today, do not fully support the social and experience sharing dimensions 
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of collaboration. Many companies work with innovation and early development tasks in a 
project-based organization format—that is, a temporary organization for solving a specific 
task over limited time and with an allocated budget [17]. The project-based format 
intentionally gathers individuals with different skills and experiences from different 
knowledge areas. This also can be described as an initiative for a learning environment—a 
‘learning laboratory’ [18]—in which team members interact and create new knowledge as 
well as generate new experiences from daily work. 
 
The daily work in projects typically is reflected on after the project has ended, the opposite of 
learning in which reflection occurs continuously. The creation of new knowledge in 
collaborative teams builds on the interactions between the team members and the sharing of 
their experiences. It is stressed in the literature that the procedure for how sharing is carried 
out is of utmost concern [19]. For example, Sveiby’s [20] model of knowledge transfer 
strategies distinguishes three knowledge transfer structures: internal structure, external 
structure, and individual competence. This model thus describes not one, but three different 
procedures. The nature and the characteristics of the knowledge contribute to the difficulties 
of knowledge transfer, for example, the culture/work environment [7][13], knowledge 
leakage, and stickiness [21]. When knowledge is not transferred or shared, a gap is created 
between what is known in a given context—or in Sveiby’s [20] words, a given structure—and 
what knowledge actually is in use. It is emphasized that knowledge gaps occur because 
organizations do not know how to share experiences [7]. 
 
The iceberg metaphor is commonly used in the literature to illustrate that there are dimensions 
or aspects in an organization’s knowledge base that are hidden: the larger part of the iceberg 
that is hidden under the water represents tacit knowledge (e.g. [22]). The metaphor indicates 
simultaneously that the organizational knowledge base depends on people’s activities and that 
KM systems might cover only the visible parts of an iceberg. An aspiration of using KM is 
therefore to manage those daily work activities of knowledge workers [2] to make their 
knowing into an organizational asset—to ‘bring it to the surface’. A knowledge worker is a 
person who works with tasks of developing and/or using knowledge; the percentage of routine 
work is hence very low. Knowledge workers manage, coordinate, and possess technical and 
socially constructed experiences, but they also need to identify, capture, store, access, share, 
use, learn, and generate/acquire knowledge as part of a knowledge life-cycle [3][23].  
 
4 Knowledge management problems 
The analysis of the empirical data for this study resulted in a view of different KM problems. 
Inspiration from the iceberg metaphor rendered a metaphor of a mountain instead (see Figure 
1), because it was found difficult to illustrate and discuss KM problems based on only the 
analysed categories. The idea of introducing a mountain can be linked to previous literature of 
learning and competence, the different stages where water pours down the mountain relates to 
e.g., 'platforms' in the ladder of competence [24], and the ‘water cycle’ links to knowledge 
life-cycles [3][23]. It has also been found that, depending on the role of those who are looking 
at the visualization, different realities and challenges were seen in the problems. The 
knowledge mountain showed that the respondents were able to pinpoint both knowledge 
leakage and stickiness, but were also inspired to discuss how to deal with the identified 
problems. The benefit of discussing knowledge flows is that it starts a continuous learning 
process [3]. 
 

• Company knowledge creek (A in Figure 1): Product development is often described as 
knowledge-intensive work, and companies begin to view themselves as knowledge-
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driven organizations. They acquire knowledge over the years, which represents a large 
portion of the organizational assets that need to be continuously maintained and 
updated. Discovering how to renew and complement existing knowledge is 
increasingly important for manufacturing companies, which intend to make the 
movement towards becoming solution providers and entering new markets that require 
a life-cycle perspective on their offers. 

• Refreshing rain (B in Figure 1): A new employee requires more time, support, and 
training to complete a work task; companies say that it typically takes at least six 
months for a new employee to become acquainted with the basics and years before the 
new recruit has developed confidence in most tasks. In addition, guidance in whom to 
ask in daily work is often lacking. An informant stressed this issue: “Once, I needed 
an expert; I asked my colleagues and after a while I found one guy sitting 10 meters 
from my desk.” This indicates that employees—and new recruits in particular—do not 
know with what tasks others are working. 

• Bridge to partners (C in Figure 1): Identifying and closing knowledge gaps supports 
moving towards knowledge-driven development that can provide more flexible 
product development, for example, in addressing life-cycle offers. If companies are 
not creating new knowledge to close the gaps, any development project risks repeating 
mistakes and ‘reinventing the wheel’. One informant did stress the issue of not being 
able to find the missing pieces and argued for an internal source; “I think we have the 
competence to do this … some say the opposite and invest money in taking in external 
knowledge for something we could do ourselves. That’s very frustrating!” ‘Bridging 
the gap’ to partners and gaining new insights from their perspectives of a development 
problem were also found to contribute to an overview of what happens in a wider area, 
for example, within the industry or within the area of a technology. Simultaneously, 
employees need to be acknowledged for their efforts and challenged to learn anew. 

• Management dam (D in Figure 1): KM is well established in the manufacturing 
industry, although existing support manages mainly the explicit dimensions of 
knowledge by using so-called ‘heavyweight’ [26] tools, for instance, Knowledge 
Based Engineering (KBE), Product Data Management (PDM), and Product Life-Cycle 
Management (PLM) systems. Calling them ‘heavyweight’ stresses that maintenance of 
them is needed if they are to stay up-to-date and provide relevant and reliable results; 
they could therefore be categorized as the first wave of KM [25]. The tools support 
knowledge creation, but knowledge sharing is delimited to formal documents due to 
the tools’ function as repository systems and their purpose aimed mainly at control. 
Individuals do not share knowledge just through formal text-based documents. One 
informant said: “Communication just in text is tricky; you get no feedback on whether 
the text is interpreted as intended. There are dimensions ‘lost in translation’.” 
Knowledge sharing is part of the daily work, and few efforts empower creative 
knowledge workers to reflect and learn. 

• Leakage stream (E in Figure 1): Facts, reports, results from calculations and analysis, 
and final project results are well known by the team members involved in a specific 
project. Experiences, design intent, or similar reflections are not shared easily in a 
traditional KM tool. Experiences are individual and context dependent, often shared 
on an operational level, although sometimes they ‘leak’ to colleagues or others 
irrespective of their actual contribution to the project. Sometimes they are not fully 
shared. One informant explained his view; “Sharing my experiences and lessons 
learned? As it is, I'm not sure it could be done.” This could be interpreted as any 
attempt to share experiences coming with a certain degree of ‘leakage’, in which the 
content of the experience evaporates in the ‘stream. 
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Figure 1. Knowledge Mountain: a way to discuss knowledge problems 
 

• River of competence (F in Figure 1): Experiences acquired by individuals in previous 
problem-solving situations save time and effort in future projects under the conditions 
that the experiences have been contextualized and transferred and that they make 
sense in relation to actual knowledge. Knowledge sharing adds to the river of 
competence, but the fact that experiences are individual and context dependent was 
highlighted by one informant: “You have to walk in someone’s moccasins to 
understand how they do and think.” 
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• Watercourse of turnover (G in Figure 1): Hardly any mid-term or long-term project 
retains the same individuals throughout the entire project time. Significant efforts are 
spent on introducing and recapping the work for new project members, but losing a 
project member, either to another higher prioritized project or to another company, is 
critical. An informant stated that “…everyone knows that knowledge goes with any 
employee leaving the project, but few efforts really address this problem.” Further, a 
limited number of employees possess domain specific experiences; consequently, they 
cannot be used in all projects where they are needed. If one of those employees 
changes his or her role or leaves the company, the handover to others and/or the 
formalization of experiences are vital. 

• Floodgate of reinvention (H in Figure 1): Personnel that have worked for the company 
a long time are often invaluable sources of experiences; when they retire, their 
knowledge is lost for new projects. Often ‘old’ knowledge is sought as a base, for 
example, in projects that have the intention to draw from the reasoning in an old 
project because the technology is mature enough at the current point. As emphasized 
by one informant: “I cannot know how they reasoned about this particular problem in 
the 70s and 80s. I guess they were skilled. But, in my situation now, this would be new 
development and pretty much ‘reinventing the wheel’ similar to how they did it at that 
time.” 

• River systems delta (I in Figure 1): The introduction of support for knowledge sharing 
often involves new tools or platforms, but nowadays this is seen often with scepticism: 
‘Yet another storage system’. Employees have to search for information, knowledge, 
facts, measures, and so on in different systems, and in turn they have to feed in their 
information into different systems. This takes time, and the actual search requires 
some pre-knowledge of whether the right document can be found. Support is typically 
built up over time, subsequently ending in a mess of systems that frustrate rather than 
help the users.  

• Lake of competitors (J in Figure 1): An established structure to harvest external 
knowledge is vital for companies to stay competitive. For example, important 
activities include keeping up-to-date with trends and changes in the business 
environment by ‘benchmarking’ the competitors’ products, by ‘bench-learning’ from 
other business units, or by screening patents and reports. These activities also go in the 
opposite direction; competitors are investigating the company to gain from its 
experiences. 

• Access water (K in Figure 1): Informants clarified that “it is very difficult to access 
information; we build watertight bulkheads between us. Sometime knowledge should 
be protected, but sometime it needs to be shared.” Not all information and knowledge 
assets can be accessible for all personnel; most large companies have restrictions and 
manage employees’ access. For example, project portals are restricted to project 
members; if any other person needs information, he or she has to ask for it. Yet, the 
problem also has another dimension, which is related to the work tempo and the 
slower process of learning—simply, sharing experiences needs conversation and 
reflection, while projects have to manage deadlines.  

• Flood of lost files (L in Figure 1): Different departments develop their own jargon in 
parallel to the company’s formal language. The meaning of different terms change 
over time, and experiences are interpreted differently depending on the project 
context. An informant explained, “There is a lot of information stored in the wrong 
places.” This is not done intentionally, but results from different ways of 
understanding the situation. Nevertheless, the result is that necessary files cannot be 
found when they are needed. Occasionally, the keywords (a name of a person, a name 
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of a project, a name of a technology, a document number, etc.) for the search are the 
core problem. 

• Fresh idea flow (M in Figure 1): Written documents that are approved by an expert or 
manager are used with more confidence in projects, but in daily activities, 
conversations are found to be an invaluable source for new ideas. One informant 
concluded; “The day you believe that written text can replace human communication 
– then you are smoked!” In order to get a rich flow of fresh ideas, knowledge 
conversations fill a purpose in complementing management systems when it becomes 
evident that capturing and formalizing the new ideas into experiences are important.  

• Ocean of oblivion (N in Figure 1): Commonly, project experiences and knowledge are 
captured and formalized after the project has ended. In this way, the last lessons 
learned—the final concept or the final product—are kept in mind. The different 
rationales, the logics of critical decisions, the reasons why one solution was discarded 
in favour of another, and so on, are typically forgotten and are hard to share in 
hindsight. Further, too much knowledge and too many sources also are related to the 
problem of forgetting what and where to find information. One informant said, “We 
have KBE, PDM, PLM, LL systems, we have white books. We have team place, email, 
and conferencing systems, I scribble down notes on meetings, and I have a lot stored 
in my head. Sometimes it feels like too much and everywhere.”  

 
The presented KM problems have implications for the performance of activities on the 
individual as well as the organizational level. The different aspects such as structures, roles, 
processes, relationships, contexts, directions, motivations, and so on, address situations that 
could be managed in different ways if they were done in solitude. One implication of this 
study is that acting on the problem in solitude creates loose couplings to the relations between 
the distinct problems. Using the visualization supports company representatives’ ability to 
stress concerns and point at parts of the knowledge mountain to explain their view of a 
situation in the organization. Further, how to deal with these challenges seems like a possible 
implication of introducing the knowledge mountain and this way of highlighting/discussing 
KM as a human-centred activity. The presented issues show that KM problems—to a higher 
or a lower degree—influence one another, and that different knowledge sources need to be 
maintained and updated to support experience sharing. Looking at the KM problems in 
isolation provides a view where there are no connections between them, but they all have an 
effect on the knowledge sources that are implemented to support product development. 
Having a single view, or snapshot, means that the breadth and depth of the organizational 
knowledge base is not obvious. Bringing them together, at least conceptually, leads to a 
description of different perspectives and provides a base for connected solutions.  
 
5 Concluding remarks 
Knowledge-intensive projects are highly dependent on making use of previous experiences to 
shorten start-up times and get a steeper learning curve. Organizations hence need to improve 
the way experiences are gained and direct the insights to individuals who can benefit from 
learning from them. Companies emphasize the importance of knowledge in their development 
work, but it might be good advice to say that just because the project is successfully 
completed, the experiences gained by the team members are not necessarily also successful. 
Judging the quality of a learning process by its outputs is not always viable. Reflections on 
the initial intentions and the output partially build up the team’s experiences, but this requires 
the possibilities and support to do so. For future studies and for ‘packaging’ experiences from 
this research, a set of ‘sound questions’ is under construction. The effort includes 
incorporating reflections on a suitable social context [27] and a method to spread local 
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knowledge for broader use. Moreover, directing the experience statement, for example, in 
white books, to a certain receiver [28]—to persons in specific roles, for example, experts, 
managers, or engineers—is already implemented in a suggested method. This approach has 
been found helpful because it does not support high-level lessons learned, but is more 
practical. 
 
This study has addressed, in general, experience sharing and its particular challenges. The 
empirical data has been visualized aided by the metaphor of a Knowledge Mountain. The 
Knowledge Mountain supported the discussions by bringing at least some tangibility into the 
social/know-why type of knowledge, that is, experiences from day-to-day activities in 
engineering teams. The study highlights knowledge leakage and knowledge stickiness to both 
individuals and to project teams, and discusses the consequences of each. All in all, 
knowledge conversations that take place more often and not only at the end of projects, for 
example, as lessons learned, might be a doable recommendation from this study. 
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Introduction 

nowledge has long been an important asset to most organizations, and the topic of 
knowledge transfer and/or sharing is stressed from various perspectives (Argote and 
Ingram 2000). Knowledge is often divided in the literature into two main concepts—

namely, tacit, which relates to subjective experiences, and explicit, which refers to known facts. 
To make this distinction, these concepts are outlined as two separate entities in the literature. 
Polyani (1966a) has elaborated on the difference between explicit and tacit knowledge, and 
Nonaka (1994) has further contributed to his work. Explicit knowledge is thus codified facts and 
is often described as articulated knowledge, whereas tacit knowledge is often expressed in terms 
of metaphors visualizing practical and action-oriented dimensions. Tacit knowledge also forms 
the structure that is needed for interpreting and making use of explicit knowledge. This is 
referred to as ‘pre-knowledge’, ‘prior knowledge’ or ‘pre-existing knowledge,’ and is applied by 
individuals as a coding key for building new knowledge when doing something new, i.e.—that 
is, the reflective processes of problem solving (Schön 1983). Drawing the descriptions towards 
the ends of a continuum is thus done to simplify the process. Polyani (1966b) (p.7) concludes on 
the dependency between the two types:  

“All knowledge is either tacit or rooted in tacit knowledge. A wholly explicit knowledge 
is unthinkable.” 

Tacit and explicit knowledge are complementary, which makes it complex to actually 
transfer factual knowledge and to share experiences so that they benefit subsequent projects; the 
process is not straightforward. Today companies that act on a business-to-business market are 
simultaneously working in a global environment. The trends toward offering a ‘total solution’ 
and for taking responsibilities for the life-cycle perspective call for managing additional skills 
and competences. Moreover, the act of identifying and closing knowledge gaps—for example, 
white spots, or areas that are unknown or sparsely investigated—is related to the core 
competitive actions that need to be fulfilled to support development. A knowledge gap can be 
identified on different levels: for example, individual level, project level, technology area, or 
company level. Capitalizing on available knowledge assets and making the most out of them is 
crucial to execute a more successful project, especially during handovers, when companies are 
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shifting from manufacturing to total solutions. A company representative in this study reflected 
on this knowledge shift: 

“We have moved from a company selling products to providing a system of intertwined 
products and services. How do we capitalize on our knowledge assets when the value 
we offer is no longer found solely in the physical goods?” 

The shift toward total solutions requires development teams to use, adapt, and reuse their 
day-to-day experiences in an innovative way, for instance, to meet sustainability demands and 
competition from new actors in upcoming markets: Brazil, Russia, India, and China (so-called 
BRIC countries). The purpose of this study is to investigate —framed by an assumed perspective 
shift in knowledge management—experience sharing in advanced engineering projects. The 
consequences of the sharing actions will be discussed in order to address a “closure” of 
knowledge gaps in technology areas. 

Methodology 

The study is based on empirical data from teams in a manufacturing industry. The knowledge 
transfer between two subsequent types of projects—advanced engineering and new product 
development—has provided a base for the data generation. In particular, knowledge transfer in 
and between project members has been of interest. The project members not only possess 
different skills, but are also from different parts of the organization (i.e., both hierarchically and 
geographically dispersed); therefore, factors that constitute situations that need alternative or 
complementary support have also been possible to explore. 

Visits to the company’s sites, primarily in Europe but also in the United States and Asia, 
have been made to investigate project activities to collect data and to better understand the social 
dimensions. Data were gathered from project meetings and from shadowing employees in their 
daily work. The employees were all part of the technology project organization involved in these 
knowledge transfer situations. The employees have different responsibilities and roles: project 
leaders, managers, experts, and engineers. Field notes were taken during observations. Regular 
check-ins on internal project platforms and systems are also part of the data that have been 
collected. Data have been gathered over a time period of three years. This has provided a rich 
base on which to contextualize data and to develop a thorough understanding of the company’s 
overall knowledge management approaches.  

More specifically, 17 interviews have been conducted with company representative that 
were involved in two project types at the company. These were done face-to-face during visits 
but also were supported by distributed technology (e.g., conferencing software). Respondents 
were engineers and project managers from the both types of projects. One project type deals with 
technology investigations and conceptualization, here called a knowledge project, and one 
project type deals with industrialization and exploitation, here called an execution project. 
Transferring knowledge and experiences from one to another of these project types is therefore 
crucial for the continuum. 

Respondents were encouraged to formulate and express their thoughts freely in relation to a 
number of topics. The topics were knowledge and knowledge transfer, experiences, reflections, 
and feedback in relation to the format established by the company. The respondents were 
“gently” brought back to a topic if they started to deviate too far from it, which is in line with the 
format of semi-structured interviews (Fontana and Frey 2000). The researcher can pose follow-
up questions to probe in-depth the answers of the respondents, and this was also done in the 
interviews. Experiences or knowledge intentionally were not defined, but were only stated as a 
topic to talk about. This approach made it possible for the respondents to clarify and define their 
perspectives on the terms and how they use the support methods and format provided by the 
company. The interviews were all recorded and transcribed, and later a software program 
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(NVivo) (QSR International 2012) was used to perform further text analysis on both interview 
data and 25 text-based reports (7–12 pages each) from the projects. Employees involved in the 
knowledge projects contributed to these reports (as individuals who possess and communicate 
the knowledge). Thus, respondents from execution projects were the main target group of such 
documents; they were considered individuals who should be able to interpret the knowledge and 
make use of it in the project. Both projects were acting within the established company 
processes. The software offers a search query, which made it possible to search for a word or a 
sequence of words to find in what context they appear. This provided a pointer for places where 
situation reflections were made and also for where they were recognized.    

During site visits, presentations and workshops have been performed to let the company 
representative, first, express his or her challenges and, second, discuss alternative solutions and 
test a demonstrator for supporting experience sharing and reflecting upon the situation, giving 
feedback to the researcher, and discussing alternatives. 

Knowledge Activities From a Life-Cycle Perspective 

Knowledge-intensive activities—for example, product development—incorporate knowledge 
from sources within and outside the organization (Blessing and Wallace 1998). If knowledge is 
retrieved and adapted to a new context the “use of knowledge” is successful, as opposed to a 
situation where knowledge is retrieved and not useful in the new situation. Yet new knowledge is 
generated in both cases, which is part of the knowledge base that continuously needs to be 
maintained and updated. Developing knowledge support is challenging because of the variety of 
issues, the complexity in the relationship between these issues, and their dynamic nature. 
Blessing and Wallace (1998) (p.27) state: “The dynamic nature of knowledge is determined by 
the generation of new knowledge as a result of knowledge use, that is a continual learning 
process.” Thus, the support should consider a knowledge life-cycle, not only the actual 
knowledge in use. Knowledge life-cycle views have been proposed by numerous researchers 
based on studies in different design projects (cf. Blessing and Wallace 1998; Rowley 2001; 
Nuzzo and Lockwood 2005). There are different models of knowledge life-cycles, and it should 
be mentioned that more than one life-cycle could be considered in a single case due to influences 
from external sources, but also that not all stages in a life-cycle may be applicable in all types of 
contexts. 

One knowledge life-cycle (Nuzzo and Lockwood 2005) suggests a number of steps defined 
as: identify, capture, store, access, share, use, learn, and generate/acquire. This life-cycle has 
been adapted and used to analyse the data in this study. The focus is on four of the suggested 
stages: 

• Identify—Includes the activity of identifying knowledge and making knowledge 
assets and sources visible to the organization. 

• Organize—Addresses an explicit view of codifying and linking knowledge 
elements to other elements in a knowledge structure. Tacit knowledge is also 
organized; however it is highly contextual, and the link between different contexts 
may be difficult to obtain. 

• Share—An activity initiated by individuals. Refers to the act of making knowledge 
(in this case) available to others, a collaborative action that leads to individual 
learning and conversations. It may also contribute to organizational learning (Ipe 
2003). 

• Learn—a process to reflect upon performed actions and use of knowledge, to build 
up the knowledge base through continuous feedback loops. 
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Identification and Linking of Knowledge Assets at the Company 

Knowledge is identified at the company and interpreted in various ways depending on its original 
context. The company unit where knowledge of the project belongs has described their mission 
to be: 

“…Identify and close knowledge gaps.” 

This focus should also guide other parts of an organization, such as execution projects, 
which are considered to be receivers of results from knowledge projects. However, the purpose 
of the execution project has been described as delivering new product-based objectives from both 
business and product demands. This shows that the intended purposes of the two types of 
projects are not the same and should not be. Nevertheless, these projects often depend on each 
other’s experiences. To address a knowledge gap in one project and thereafter link identifiable 
knowledge assets from similar contexts is a challenge, but also a learning situation of utmost 
concern. 

Challenges that these teams experience are occasionally that a problem could not be 
understood without knowing its context; for instance, respondents have explained how difficult it 
is to use reports from the past if they have not been involved in such project before. Hence, 
engineers cannot fully understand the problem until they have developed a solution. 

Knowledge conversations can support identifying knowledge assets as an activity, ‘linking’ 
addressed knowledge gaps and knowledge assets from different contexts—adding one ‘part’ to 
another and thereby gaining understanding of a potential knowledge gap, which will support the 
organization to prioritize knowledge activities and possibly close knowledge gaps. 

By both observing project teams in their daily work and by analysing the documentation 
they produce from development activities, the team seems to (from an outsider’s perspective) 
communicate messages in the contexts such as project, technology, product element, and relation 
to other aspect of the product, for example, time, place, activity, issue or task. Seldom is their 
message articulated as experience from a performed activity rather than communicating the result 
of it, in relation to the context listed above. This means that if one is not familiar with that 
specific project or technology investigation and preconditions are not described, the value of 
continuing a knowledge conversation is diminished. Addressing the situation by explaining 
something about the background and context is one way to enhance the value of these knowledge 
conversations. 

Experiences from co-workers, communities of practice, the whole organization and what 
employees know themselves need to be linked with a context in which the experiences matters. 
Supporting individuals to communicate their knowledge assets and to see correlations to 
potential knowledge gaps is of utmost importance, and can benefit both individuals and 
organizations (Cheong and Tsui 2010). The organizational culture should stress the value of 
employees’ knowledge; this should have an effect on what the individuals identify as 
organizational knowledge assets and thereby share with others. 

The knowledge life-cycle stages of identify and organize focus on these issues. These stages 
are used as a reference point for what a knowledge conversation in general should incorporate at 
the beginning. Two themes of questions are here highlighted under describe and explain: 

• Describe 
o …what was the context of your matter? 
o …what was the objective of your task? 

• Explain 
o …what knowledge gap you addressed? 
o …what was your experience? 
o …your contribution to current practice? 
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Supporting Knowledge Conversations and Shared Reflections 

Experiences from activities that were successfully—or unsuccessfully—completed should be 
seen as a learning opportunity. A respondent stated that experiences are about: 

“Understanding consequences of past decisions and actions that were performed.” 

Therefore one can say that experiences derive from activities that they should support in on-
going as well as future projects (Disterer 2002). Purposeful knowledge conversations aside from 
technical problem-solving activities are rare, but are also important. One respondent explained 
that he likes to discuss in a team environment, even sharing personal experiences that may or 
may not relate to the project, or as he framed it: 

“I think it is very important… because it is a learning experience I like to get everybody 
else’s perspective. I think overall, we don't necessarily get to pick the people on our 
team all the time, so you have different personalities and different viewpoints.” 

This is interpreted as expressing or articulating experiences to others in order to make the 
process more tangible in reflecting on specific activities. In addition, the importance of 
knowledge conversations is stressed by the respondent, not only when experiences are directly 
related to the project itself, but also when the conversation involves different perspective of the 
situation in focus. 

Recommending actions has been recognized as valuable support in development activities, 
both in on-going projects and in adapting to new contexts. Introducing questions in knowledge 
conversations supports the procedure for how experiences are shared and reflected upon. Two of 
the knowledge life-cycle stages addressed earlier in this paper—sharing and learning—inspired 
the following two themes of statements: to clarify and to orchestrate. To clarify intends to 
encourage individuals to reflect on their actions and the consequences of these situations. To 
orchestrate aims at how to direct experiences to a role, which can then execute or bring 
experiences into action to achieve the desired effect. Statements to support such activities are: 

• Clarify 
o …who will directly learn from your experience! 
o …how your experience can be carried into actions! 

• Orchestrate your experiences 
o …to those that will best need them! 
o …to specific roles, levels, resources etc. 
o …to close other knowledge gaps! 

Knowledge Conversations 

Companies apply an approach to knowledge management that intends to support creation and 
sharing of knowledge as a routine in daily work and not as a specialized activity in itself. In such 
an environment, it is more of an attitude or a culture—where engineers, management and experts 
create and share knowledge—than a prescribed procedure (Nonaka 1991).  

Knowledge worker is a term used in the literature (Davenport and Prusak 1998) to describe a 
person who works for a living with the tasks of developing and/or using knowledge. Preferably, 
knowledge workers possess both technical and socially constructed knowledge. However, 
knowledge workers have to not only manage and coordinate knowledge, but they also need to 
reflect upon results of their knowledge activities. Webber (1993) (p.28) claims that: 

“Conversations are the way knowledge workers discover what they know, share it with 
their colleagues, and in the process create new knowledge for the organization.” 
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This excerpt can be interpreted as stressing the importance of conversations and shared 
reflections in an organization. From one perspective, knowledge workers are everyone who uses 
knowledge in his or her work, not considering how it is used or by what purpose. The other 
perspective stresses creation, development, reflection, and sharing of knowledge. Product 
development includes different phases with defined activities. A generic product development 
process starts in a planning phase, identifying needs, setting up requirements, and clarifying 
problems. This phase is followed by technology development, which might lead to concept 
development, detailed design, and later making the transition into production. 

Consequently, some individuals create and develop new knowledge and others are focused 
on using that knowledge as part of their profession. Even though technology development, 
creation, and further development of knowledge often relate to early phases of development and 
later phases focus on execution and use of knowledge (e.g., production phases), it is not true to 
say that employees working in production do not create and develop new knowledge, because 
manufacturing processes can also be developed and improved based on employees’ experiences. 

Therefore in this study it is chosen not to categorizing individuals and their abilities to 
create, develop, share, and use knowledge under the concept of knowledge worker; instead, this 
paper focuses on different roles and how to support them because they are all special.  

Employees contribute within one or more projects depending on their roles and 
responsibilities in the product development process. The project—which is a temporary 
organization with a fixed time and budget—has a specific task to solve, that is, a limited context 
to consider. There are tools that support management of knowledge with the purpose of storing 
and disseminating final results of a project, for example, in Knowledge Based Engineering 
(KBE), Product Data Management (PDM), and Product Life-cycle Management (PLM) systems. 
These are unlike experiences related to methods and the work process, which might be useful in 
other contexts and future projects as well. Nevertheless, tools, methods, and guidelines to support 
knowledge sharing do not consider how different roles form the messages in a knowledge 
conversation. 

Typically, contributions to different knowledge dimensions are a mix of properties and 
attributes, some of them recognised by respondents. Respondents distinguish knowledge 
contributions depending on orientation in terms of confidence or characteristic contribution—
meaning that a characteristic contribution relates to attributes that aim to support the customer 
value in focus, which may be, for example, safety or environmental care. One respondent 
explained that contributing to safety for the operator of a machine can mean installing a dead-
man’s handle or an auto-breaking circuit, but it may also mean improving the user manual, 
instructions, or visual warning system. 

The confidence contribution tells more about the maturity of a technology area or project, 
and refers to the literature of Technology Readiness Levels (Mankins 1995) and Knowledge 
Maturity (Johansson 2009). Thereby knowledge conversations support an organization to define 
maturity of their knowledge base in different contexts and technology areas, but also to identify 
knowledge gaps and make decisions. The same respondent described this by using the metaphor 
of developing an engine. In this example, the goal of a project is to develop an engine for a new 
machine, and the company has a long tradition of making combustion engines. At first sight, it 
seems to be a relatively straightforward process, but new requirements put a fresh spin on this. 
The company needed new technology to meet the requirements; a hub motor or hybrid engine 
might be a preferred alternative. In such a case, experience developing combustion engines 
seems less relevant to bring up in knowledge conversations than increasing the confidence in the 
areas of hub motor and hybrid engine development. 

Consequently, these two types of knowledge contribution address different audience, both in 
terms of group formations and roles of the individuals. Sveiby (2001) identifies three types of 
formations in knowledge transfer situations: namely, internal structure, external structure, and 
individual competencies. Sveiby (2001) then defines nine knowledge transfers on a strategic 
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level, which show that transfer occurs differently in each transfer; for example, transfer from 
internal structure to external structure and transfer from external structure to internal structure are 
not necessarily addressed properly by asking the same questions. 

This seems to be true as well as when knowledge conversations were analysed based on the 
relationship between the roles of the individuals who take part in a conversation. For instance, 
observations from conversations in a development project initiated by an engineer directed 
toward experts focused on feedback on the engineers’ work activities. Once an engineer found 
out about a situation related to manufacturing quality, questions were asked in conversation with 
an expert, somewhat like: Have you experienced this before? Why did it happen? What could be 
the reason for this? What if I change this procedure like this? Could this be a preferred 
outcome/good result of the analysis? 

That example relates to manufacturing of a transmission component; the same two 
individuals were later observed in a conversation again, now initiated by the expert aimed toward 
an engineer. At this time, the expert created new knowledge, interpreted, and defined it so that 
the engineer also could benefit from knowing it too. In this conversation, the expert possessed 
experience with a control system for the transmission that could be useful to the engineer; 
therefore questions should focus on how the expert developed and interpreted the situation, 
something along the lines of: What is the contribution? What are the benefits and/or challenges? 
What knowledge gap is addressed and how can this be used? 

Observing the organization—which this paper intentionally aims to support—from a 
generic, high-level perspective, three roles were distinguished in the part of the company 
working with technology development: engineer, expert, and management. The management 
model from Kennedy and Sobek (2006) inspires these three roles, which reflect the main actors 
in early technology investigations and product development project. 

Management represents the role of employees working with activities related to the process 
of managing and controlling things or people. Management is responsible for ensuring that the 
team or organization progresses according to a plan. 

Engineers possess knowledge and skill, which enables them to perform development 
activities. The capabilities of an engineer will be matched with the scope of a project and which 
resources are needed to fulfil its goal. A project manager defined this role as “the doers.” 

The expert can be described as a knowledgeable individual who possesses and is 
acknowledged for comprehensive knowledge in a specific context. The contribution of an expert 
is often related to a knowledge domain or a community in which he or she acts.  

Managers tend to value technological interests over humans; despite it have prove to be a 
limitation for the development of technologies (Coggio 2013). Instead the management role can 
use the voice of an expert as a point of reference or clarifying a key concept when making 
decisions. An engineer will benefit from asking the expert for feedback on a specific task. 

Supporting Experience Sharing 

The relationship between the roles of engineers, management, and experts in knowledge 
conversations is explained through Figure 1. The arrows between the roles illustrate what kinds 
of messages are commonly discussed and asked for in these different knowledge conversations. 
It also reflects the four themes of questions developed based on the life-cycle perspective 
presented earlier. These questions were adapted to fit the purpose of each individual 
conversational direction of the nine that are addressed herein. 
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Figure 1. Knowledge conversation model (adapted from Kennedy and Sobek 2006). 

 Addressing specific roles (as shown in Figure 1) aims toward providing the right 
questions rather than the “right” answer to the wrong question. This implies identifying and 
sharing knowledge assets to gain contextual understanding. Some level of pre-knowledge is 
needed to enable the different roles to acquire knowledge from conversations with each other, 
which is also part of a reflective learning process. 

One risk is making too general a statement and missing the rationale—that is 
oversimplifying a complex situation or making an effort to provide answers in a context that has 
not yet been in focus for a potential user of the message. The intention of such a message cannot 
be fully interpreted by a user in this case. Instead, knowledge conversations can support different 
roles in understanding what dimensions are necessary, can be directed toward the proper person 
and explained in what way experiences can benefit that role and also how that affects and makes 
a conversation fruitful for the involved roles. Moreover, because projects and knowledge projects 
in particular are assigned novel tasks, there are indications that preparing teams with a set of 
questions could help both capture and disseminate the experiences. 

Support in terms of specific guiding questions, pointing toward the three roles—engineers, 
experts, and management—is outlined to reflect such a perspective. Therefore the questions are 
phrased so that all individuals can respond and contribute independently in the context in which 
he or she is working. These questions are all characteristic, depending on the roles that are 
involved in a knowledge conversation. 

Existing support in the company encourages a knowledge-sharing culture, whereas how they 
share knowledge and to whom is often personally dependent, which is also supported by 
literature (c.f. Ghaznavi et al. 2013). Reporting on the final outcome of a project is more 
commonly directed to non-project member, meaning that the actual results of a development 
project are reported upon internally in reports, product specifications, presentations, and project 
seminars. Documentation of such work is stored in project portals with limited or no access to 
others besides project members. The project manager is responsible and assigned to that work, 
but the whole team is supposed to reflect upon their actions and address experiences from daily 
work so that others can learn from it. Knowledge and learning from individual project activities 
are missing in reports or seem to be treated as insignificant or trivial; they are not shared with 
employees other than those with whom they have to personally collaborate. This relates to the 
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objective of an activity: that is, if the goal is to create an efficient product, then workers tend to 
manifest what has been achieved, instead of how they experienced their actions. 

In existing support at the case company, templates for sharing experiences from projects 
provide questions and bullet lists of areas that encourage individuals to report technology 
outcomes in text, rather than to initiate conversations around their experiences. That is, an 
analysis made from observing projects onsite and reading documentation asking, “What went 
right/what went wrong?” is often interpreted, because one should talk about the performance of 
activities in relation to requirements. Reflections based on contributions and reflections related to 
existing knowledge are missing. If knowledge is acquired or missing, individuals as well as 
groups can benefit from reflection on experiences from doing an activity and sharing it with 
someone who also can find value from knowing the rationale behind results. 

Therefore the following list of question is proposed to support different knowledge 
conversations based on the model in figure 1: 

• Management—Management 
o What sets the context for your experience? 
o How could your experience contribute to organizational knowing? 
o Why is the experience valuable for the organization? 
o How does your experience change existing knowledge? 

• Management—Expert 
o What knowledge domains does your experience address? 
o How can your experiences contribute to the mapping of available 

competencies? 
o Why have you related your experiences to the chosen domain? 
o What proposal would be relevant based on your experiences? 

• Management—Engineer 
o Clarify what attributes and capabilities are lacking. 
o How will your experiences develop and/or match current knowing? 
o Why are your experiences important for engineering teams? 
o What actions do you recommend based on your experiences? 

• Expert—Management 
o What are the critical competencies and knowledge for the organization? 
o How do your experiences relate to formalized knowledge? 
o Why are your experiences an advantage for the organization? 
o How would you prioritize additional needed knowledge? 

• Expert—Expert 
o What pre-knowledge supported your experiences? 
o How do your experiences create new knowledge? 
o Why are your experiences and knowledge critical in this context? 
o Suggest how your experiences could be fed into a new project. 

• Expert—Engineer 
o What is the contribution of your experiences to the engineering teams? 
o How did the challenge or possibility advance your experiences? 
o What would you do differently if you were able to do it again? 
o Suggest how your experiences close knowledge gaps. 
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• Engineer—Management 
o What is the relation between your experiences and organizational vision, 

goal, or purpose? 
o How do your experiences contribute to coordination and matching of 

resources? 
o Why are your experiences useful for other situations in the organization? 
o What improvements or developments can you propose based on your 

experiences? 
• Engineer—Expert 

o What knowledge gaps you have identified? 
o How will your experiences support team competencies? 
o Why is it crucial to identify this knowledge gap? 
o What feedback and further actions are needed to make use of your 

experiences? 
• Engineer—Engineer 

o What pre-knowledge made you gain the experience? 
o How has your experiences affected your capability to conduct your task? 
o Why do your experiences support functions in a team? 
o Propose what your experiences provide for better execution of future 

teams' tasks? 

Conclusion 

Experiences are personal and dependent on specific conditions, but they are relevant for others to 
learn from. Therefore, the different roles of employees in an organization need to orchestrate 
their knowledge in conversations between one another to gain shared understanding. Hence, by 
possessing sound questions to reflect upon in knowledge conversations, it is reasonable to say 
that the contribution will be more mature in terms of general understanding within the topic. 

Thus, decision-making and further development can be attributed to more than already 
known facts. Empirical data from interviewing representatives assigned to different roles in 
projects show that they interpret the existing support differently. It happens that they refer to the 
same situation but from different perspective and with different meanings. In such a case, it is 
necessary to provide support that can distinguish these differences, for instance, through the 
formulation of sound questions, which are listed in this paper. 

The paper has proposed a structure for how to guide an organization in the process of 
identifying knowledge gaps and reflecting upon knowledge activities and, more precisely, for 
how to direct experiences to those who will benefit from knowing about them. Activities that 
today tend to be diminished in organizations can be supported by knowledge conversations. 

Further, practitioners can benefit from this paper by understanding that not all benefit from 
the same guiding questions, and that they will not all give the same type of answers. The choice 
of guiding questions is carefully developed and matched with the objectives of different roles and 
their characteristic activities and tasks. 

The perspective of global teams has not been the focus of this study and may be considered 
for future work. Personal relationships also seem to have great impact on knowledge 
conversations and need to be addressed in future studies. 
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